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Sample/Hold 2-512 


ix 



Alpha-Numeric Index (Continued) 


ADC1 21 32 Self-Calibrating 1 2-Bit Plus Sign Serial I/O A/D Converter with MUX and 

Sample/Hold 2-512 

ADC1 21 38 Self-Calibrating 1 2-Bit Plus Sign Serial I/O A/D Converter with MUX and 

Sample/Hold 2-512 

ADC1 2441 Dynamically-Tested Self-Calibrating 1 2-Bit Plus Sign A/D Converter with 

Sample/Hold 2-628 

ADC1 2451 Dynamically-Tested Self-Calibrating 1 2-Bit Plus Sign A/D Converter with 

Sample/Hold 2-656 

ADC12662 12-Bit, 1.5 MHz, 200 mW A/D Converter with Input Multiplexer and Sample/Hold 2-583 

ADC16071 16-Bit Delta-Sigma 1 92 ks/sAnalog-to-Digital Converter 2-672 

ADC16471 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter 2-672 

AH0014 Dual DPDT-TTL/DTL Compatible MOS Analog Switch 8-5 

AH001 5 Quad SPST-TTL/DTL Compatible MOS Analog Switch — 8-5 

AH0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch — 8-5 

AH5010 Monolithic Analog Current Switch 8-9 

AH501 1 Monolithic Analog Current Switch 8-9 

AH5012 Monolithic Analog Current Switch ; 8-9 

AH5020C Monolithic Analog Current Switch 8-20 

AN-450 Small Outline (SO) Package Surface Mounting Methods-Parameters and Their Effect 

on Product Reliability 9-24 

Board Mount of Surface Mount Components 9-19 

DAC0800 8-Bit D/A Converter 3-6 

DAC0801 8-Bit D/A Converter 3-6 

DAC0802 8-Bit D/A Converter 3-6 

DAC0806 8-Bit D/A Converter 3-15 

DAC0807 8-Bit D/A Converter 3-15 

DAC0808 8-Bit D/A Converter 3-15 

DAC0830 8-Bit jllP Compatible Double-Buffered D/A Converter 3-23 

DAC0831 8-Bit jitP Compatible Double-Buffered D/A Converter 3-23 

DAC0832 8-Bit juP Compatible Double-Buffered D/A Converter 3-23 

DAC0854 Quad 8-Blt Voltage-Output Serial D/A Converter with Readback 3-41 

DAC0890 Dual 8-Bit juiP-Compatible D/A Converter 3-53 

DAC1006 jLtP Compatible, Double-Buffered D/A Converter 3-63 

DAC1007 /xP Compatible, Double-Buffered D/A Converter 3-63 

DAC1008 juiP Compatible, Double-Buffered D/A Converter 3-63 

DAC1020 10-Blt Binary Multiplying D/A Converter 3-83 

DAC1021 10-Bit Binary Multiplying D/A Converter 3-83 

DAC1022 10-Bit Binary Multiplying D/A Converter 3-83 

DAC1 054 Quad 1 0-Bit Voltage-Output Serial D/A Converter with Readback 3-93 

DAC1208 12-Blt fiP Compatible Double-Buffered D/A Converter 3-105 

DAC1209 12-Bit jiP Compatible Double-Buffered D/A Converter 3-105 

DAC1210 12-Bit /xP Compatible Double-Buffered D/A Converter 3-105 

DAC1218 12-Bit Binary Multiplying D/A Converter 3-121 

DAC1219 12-Blt Binary Multiplying D/A Converter 3-121 

DAC1220 12-Bit Binary Multiplying D/A Converter 3-83 

DAC1222 12-Bit Binary Multiplying D/A Converter 3-83 

DAC1230 12-Bit jixP Compatible Double-Buffered D/A Converter ; 3-105 

DAC1231 12-Bit julP Compatible Double-Buffered D/A Converter ..3-105 

DAC1232 12-Bit jxP Compatible Double-Buffered D/A Converter 3-105 

Land Pattern Recommendations 9-35 

LF198 Monolithic Sample and Hold Circuit 6-5 
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Alpha-Numeric Index (Continued) 

LF298 Monolithic Sample and Hold Circuit 6-5 

LF398 Monolithic Sample and Hold Circuit 6-5 

LF1 1201 Quad SPST JFET Analog Switch 8-28 

LF1 1202 Quad SPST JFET Analog Switch 8-28 

LF1 1331 Quad SPST JFET Analog Switch 8-28 

LF1 1332 Quad SPST JFET Analog Switch 8-28 

LF1 1333 Quad SPST JFET Analog Switch 8-28 

LF13006 Digital Gain Set 6-15 

LF13007 Digital Gain Set 6-15 

LF13201 Quad SPST JFET Analog Switch 8-28 

LF13202 Quad SPST JFET Analog Switch 8-28 

LF13331 Quad SPST JFET Analog Switch 8-28 

LF13332 Quad SPST JFET Analog Switch 8-28 

LF13333 Quad SPST JFET Analog Switch 8-28 

LF13508 8-Channel Analog Multiplexer 8-39 

LF13509 4-Channel Differential Analog Multiplexer 8-39 

LH0070 Series BCD Buffered Reference 4-8 

LH0071 Series Precision Buffered Reference 4-8 

LM12H454 12-Blt + Sign Data Acquisition System with Self-Calibration 1-114 

LM12H458 12-Bit + Sign Data Acquisition System with Self-Calibration 1-114 

LM12L438 12-Bit + Sign Data Acquisition System with Serial I/O and Self-Calibration 1-37 

LM12L454 12-Blt + Sign Data Acquisition System with Self-Calibration 1-151 

LM12L458 12-Bit + Sign Data Acquisition System with Self-Calibration 1-151 

LM34 Precision Fahrenheit Temperature Sensor 5-4 

LM35 Precision Centigrade Temperature Sensor 5-12 

LM45 SOT-23 Precision Centigrade Temperature Sensor 5-21 

LM50 Single Supply Precision Centigrade Temperature Sensor 5-28 

LM1 13 Reference Diode 4-12 

LM 129 Precision Reference 4-15 

LM131 Precision Voltage-to-Frequency Converter 2-690 

LM134 3-Terminal Adjustable Current Source 4-20 

LM 134 3-Terminal Adjustable Current Source 5-29 

LM135 Precision Temperature Sensor 5-38 

LM136-2.5V Reference Diode 4-29 

LM136-5.0V Reference Diode 4-36 

LM169 Precision Voltage Reference 4-43 

LM1 85 Adjustable Micropower Voltage Reference 4-53 

LM185-1.2 Micropower Voltage Reference Diode 4-60 

LM1 85-2.5 Micropower Voltage Reference Diode 4-67 

LM199 Precision Reference 4-73 

LM231 Precision Voltage-to-Frequency Converter 2-690 

LM234 3-Terminal Adjustable Current Source 5-29 

LM234 3-Terminal Adjustable Current Source 4-20 

LM235 Precision Temperature Sensor 5-38 

LM236-2.5V Reference Diode 4-29 

LM236-5.0V Reference Diode 4-36 

LM285 Adjustable Micropower Voltage Reference 4-53 

LM285-1 .2 Micropower Voltage Reference Diode 4-60 

LM285-2.5 Micropower Voltage Reference Diode 4-67 

LM299 Precision Reference 4-73 

LM313 Reference Diode 4-12 


xi 



Alpha-Numeric Index (Continued) 

LM329 Precision Reference 4-15 

LM331 Precision Vo!tage-to-Frecjuency Converter — . . 2-690 

LM334 3-Terminal Adjustable Current Source 4-20 

LM334 3-Terminal Adjustable Current Source 5-29 

LM335 Precision Temperature Sensor 5-38 

LM336-2.5V Reference Diode 4-29 

LM336-5.0V Reference Diode 4-36 

LM368-2.5 Precision Voltage Reference 4-82 

LM368-5.0 Precision Voltage Reference 4-88 

LM368-10 Precision Voltage Reference 4-88 

LM369 Precision Voltage Reference 4-43 

LM385 Adjustable Micropower Voltage Reference 4-53 

LM385-1.2 Micropower Voltage Reference Diode 4-60 

LM385-2.5 Micropower Voltage Reference Diode 4-67 

LM399 Precision Reference 4-73 

LM3999 Precision Reference 4-73 

LM4040 Precision Micropower Shunt Voltage Reference — 4-94 

LM4041 Precision Micropower Shunt Voltage Reference 4-113 

LM4431 Micropower Shunt Voltage Reference 4-125 

LM9140 Precision Micropower Shunt Voltage Reference 4-131 

LM12434 12-Bit + Sign Data Acquisition System with Serial I/O and Self-Calibration 1-37 

LM12454 12-Bit + Sign Data Acquisition System with Self-Calibration 1-114 

LM12458 12-Bit + Sign Data Acquisition System with Self-Calibration 1-114 

LMF40 High Performance 4th-Order Switched Capacitor Butterworth Low-Pass Filter 7-5 

LMF60 High Performance 6th-Order Switched Capacitor Butterworth Low-Pass Filter 7-19 

LMF90 4th-Order Elliptic Notch Filter 7-37 

LMF100 High Performance Dual Switched Capacitor Filter 7-57 

LMF380 Triple One-Third Octave Switched Capacitor Active Filter 7-79 

MF4 4th Order Switched Capacitor Butterworth Lowpass Filter 7-89 

MF5 Universal Monolithic Switched Capacitor Filter 7-102 

MF6 6th Order Switched Capacitor Butterworth Lowpass Filter 7-117 

MF8 4th Order Switched Capacitor Bandpass Filter 7-135 

MF10 Universal Monolithic Dual Switched Capacitor Filter 7-157 

Packing Considerations (Methods, Materials and Recycling) — 9-3 

Recommended Soldering Profiles — Surface Mount 9-23 
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Additional Available Linear Devices 


54ACT715 Programmable Video Sync Generator Section 2 

74ACT715 Programmable Video Sync Generator Section 2 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods — Parameters and Their Effect on Product 

Reliability Sections 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods — Parameters and Their Effect on Product 

Reliability Sections 

AN-450 Small Outline (SO) Package Surface Mounting 
Methods— Parameters and Their Effect on Product 

Reliability Sections 

Board Mount of Surface Mount Components Section 6 

Board Mount of Surface Mount Components Section 5 

Board Mount of Surface Mount Components Section 5 

DH0006 Current Driver Sections 

DH0034 High Speed Dual Level Translator Section 5 

DH0035 Pin Diode Driver Section 5 

DP7310 Octal Latched Peripheral Driver Section 3 

DP7311 Octal Latched Peripheral Driver Section 3 

DP8310 Octal Latched Peripheral Driver Section 3 

DP8311 Octal Latched Peripheral Driver Section 3 

DS0026 5 MHz Two Phase MOS Clock Drivers Section 4 

DS1631 CMOS Dual Peripheral Driver Section 3 

DS1632 CMOS Dual Peripheral Driver Section 3 

DS1633 CMOS Dual Peripheral Driver Section 3 

DS1634 CMOS Dual Peripheral Driver Section 3 

DS2003 High Current/Voltage Darlington Driver Section 3 

DS2004 High Current/Voltage Darlington Driver Section 3 

DS3631 CMOS Dual Peripheral Driver Section 3 

DS3632 CMOS Dual Peripheral Driver Section 3 

DS3633 CMOS Dual Peripheral Driver Section 3 

DS3634 CMOS Dual Peripheral Driver Section 3 

DS3658 Quad High Current Peripheral Driver Section 3 

DS3668 Quad Fault Protected Peripheral Driver Section 3 

DS3680 Quad Negative Voltage Relay Driver Section 3 

DS9667 High Current/Voltage Darlington Driver Section 3 

DS55451 Series Dual Peripheral Driver Section 3 

DS55452 Series Dual Peripheral Driver Section 3 

DS55453 Series Dual Peripheral Driver Section 3 

DS55454 Series Dual Peripheral Driver Section 3 

DS75451 Series Dual Peripheral Driver Section 3 

DS75452 Series Dual Peripheral Driver Section 3 

DS75453 Series Dual Peripheral Driver Section 3 

DS75454 Series Dual Peripheral Driver Section 3 

DS75491 MOS-to-LED Quad Segment Driver Section 4 

DS75492 MOS-to-LED Hex Digit Driver Section 4 

DS75494 Hex Digit Driver Section 4 

Land Pattern Recommendations Section 5 

Land Pattern Recommendations Section 5 

Land Pattern Recommendations Section 6 

LF1 1 1 Voltage Comparator .Section 3 


Application Specific Analog Products 
Application Specific Analog Products 


Power ICs 


Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 
Application Specific Analog Products 
Power ICs 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Power ICs 

Application Specific Analog Products 
Operational Amplifiers 
Operational Amplifiers 


xiii 





Additional Available Linear Devices (Continued) 

LF 1 47 Wide Bandwidth Quad J FET I nput Operational 


Amplifier Section 1 

LF1 55 Series Monolithic JFET Input Operational 

Amplifiers Section .1 

LF1 56 Series Monolithic JFET Input Operational 

Amplifiers .Section 1 

LF1 57 Series Monolithic JFET Input Operational 

Amplifiers Section 1 

LF21 1 Voltage Comparator Section 3 

LF31 1 Voltage Comparator Section 3 

LF347 Wide Bandwidth Quad JFET Input Operational 

Amplifier Section 1 

LF351 Wide Bandwidth JFET Input Operational 

Amplifier Section 1 

LF353 Wide Bandwidth Dual JFET Input Operational 

Amplifier Section 1 

LF41 1 Low Offset, Low Drift JFET Input Operational 

Amplifier Section 1 

LF412 Low Offset, Low Drift Dual JFET Operational 

Amplifier Section 1 

LF441 Low Power JFET Input Operational Amplifier . . .Section 1 
LF442 Dual Low Power JFET Input Operational 

Amplifier Section 1 

LF444 Quad Low Power JFET Input Operational 

Amplifier Section 1 

LF451 WIde-Bandwidth JFET Input Operational 

Amplifier Section 1 

LF453 Wide-Bandwidth Dual JFET Input Operational 

Amplifier Section 1 

LH0002 Buffer Section 2 

LH0003 Wide Bandwidth Operational Amplifier Section 1 

LH0004 High Voltage Operational Amplifier Section 1 

LH0021 1 .0 Amp Power Operational Amplifier Section 1 

LH0024 High Slew Rate Operational Amplifier Section 1 

LH0032 Ultra Fast FET-Input Operational Amplifier — Section 1 

LH0033 Fast and Ultra Fast Buffers Section 2 

LH0041 0.2 Amp Power Operational Amplifier Section 1 

LH0042 Low Cost FET Operational Amplifier Section 1 

LH0063 Fast and Ultra Fast Buffers Section 2 

LH0094 Multifunction Converter Section 5 

LH0101 Power Operational Amplifier Section 1 

LH1605 5 Amp, High Efficiency Switching Regulator . . .Section 3 

LH21 1 1 Dual Voltage Comparator Section 3 

LH231 1 Dual Voltage Comparator Section 3 

LH4001 Wideband Current Buffer Section 2 

LH4002 Wideband Video Buffer Section 2 

LM10 Operational Amplifier and Voltage Reference — Section 1 

LM12 80 W Operational Amplifier Section 4 

LM78LXX Series 3-Terminal Positive Regulators Section 1 

LM78MXX Series 3-Terminal Positive Regulator Section 1 

LM78S40 Universal Switching Regulator Subsystem . . .Section 3 
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Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 
Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 

Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
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Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Power ICs 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Power ICs 
Power ICs 
Power ICs 
Power ICs 





Additional Available Linear Devices (continued) 


LM78XX Series Voltage Regulators 

. .Section 1 

Power ICs 

LM79LXXAC Series 3-Terminal Negative Regulator. . 

. .Section 1 

Power ICs 

LM79MXX Series 3-Terminal Negative Regulators . . . 

. . Section 1 

Power ICs 

LM79XX Series 3-Terminal Negative Regulators 

. . Section 1 

Power ICs 

LM101 A Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM102 Voltage Follower 

. .Section 2 

Operational Amplifiers 

LM105 Voltage Regulator 

. . Section 1 

Power ICs 

LM1 06 Voltage Comparator 

. .Sections 

Operational Amplifiers 

LM1 07 Operational Amplifier 

.. Section 1 

Operational Amplifiers 

LM1 08 Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM109 5-Volt Regulator 

. .Section 1 

Power ICs 

LM1 1 0 Voltage Follower 

. . Section 2 

Operational Amplifiers 

LM111 Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LM117 3-Terminal Adjustable Regulator 

. . Section 1 

Power ICs 

LM117HV 3-Terminal Adjustable Regulator 

. . Section 1 

Power ICs 

LM1 1 8 Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM119 High Speed Dual Comparator 

..Sections 

Operational Amplifiers 

LM120 Series 3-Terminal Negative Regulator 

.. Section 1 

Power ICs 

LM122 Precision Timer 

. .Section 4 Application Specific Analog Products 

LM123 3-Amp, 5-Volt Positive Regulator 

. .Section 1 

Power ICs 

LM124 Low Power Quad Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM1 25 Dual Voltage Regulator 

. .Section 1 

Power ICs 

LM133 3-Amp Adjustable Negative Regulator 

. . Section 1 

Power ICs 

LM137 3-Terminal Adjustable Negative Regulator . . . 

. . Section 1 

Power ICs 

LM137HV 3-Terminal Adjustable Negative Regulator 



(High Voltage) 

. . Section 1 

Power ICs 

LM138 5-Amp Adjustable Regulator 

. . Section 1 

Power ICs 

LM1 39 Low Power Low Offset Voltage Quad 



Comparator 

. . Section 3 

Operational Amplifiers 

LM140 Series 3-Terminal Positive Regulator 

. . Section 1 

Power ICs 

LM140L Series 3-Terminal Positive Regulator 

. .Section 1 

Power ICs 

LM143 High Voltage Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM145 Negative 3-Amp Regulator 

. .Section 1 

Power ICs 

LM146 Programmable Quad Operational Amplifier. . . 

. Section 1 

Operational Amplifiers 

LM148 Quad 741 Operational Amplifier 

. Section 1 

Operational Amplifiers 

LM149 Wide Band Decompensated (Av(MIN) = 5) . . 

. . Section 1 

Operational Amplifiers 

LM150 3-Amp Adjustable Regulator 

. . Section 1 

Power ICs 

LM158 Low Power Dual Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM160 High Speed Differential Comparator 

. . Section 3 

Operational Amplifiers 

LM161 High Speed Differential Comparator 

..Sections 

Operational Amplifiers 

LM1 93 Low Power Low Offset Voltage Dual 



Comparator 

. Section 3 

Operational Amplifiers 

LM1 94 Supermatch Pair 

. Section 5 

Operational Amplifiers 

LM195 Ultra Reliable Power Transistor 

..Section 5 

Operational Amplifiers 

LM201 A Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM205 Voltage Regulator 

. Section 1 

Power ICs 

LM207 Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM208 Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM210 Voltage Follower 

..Sections 

Operational Amplifiers 

LM21 1 Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LM21 8 Operational Amplifier 

. . Section 1 

Operational Amplifiers 
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Additional Available Linear Devices (Continued) 


LM239 Low Power Low Offset Voltage Quad 


LM293 Low Power Low Offset Voltage Dual 


LM337HV 3-Terminal Adjustable Negative Regulator 


LM339 Low Power Low Offset Voltage Quad 


Section 3 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 3 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 3 

Operational Amplifiers 

Section 3 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 2 

Operational Amplifiers 

Section 1 

Power ICs 

Section 3 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Power ICs 

Section 2 

Operational Amplifiers 

Section 3 

Operational Amplifiers 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 

Section 3 

Operational Amplifiers 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 

Section 4 

Application Specific Analog Products 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 

Section 1 

Power ICs 

Section 2 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 3 

Operational Amplifiers 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Operational Amplifiers 

Section 1 

Power ICs 

Section 1 

Operational Amplifiers 
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Additional Available Linear Devices (continued) 

LM359 Dual, High Speed, Programmable Current 
Mode (Norton) Amplifier 

.Section 1 

Operational Amplifiers 

LM360 High Speed Differential Comparator 

. Section 3 

Operational Amplifiers 

LM361 High Speed Differential Comparator 

.Section 3 

Operational Amplifiers 

LM376 Voltage Regulator 

.Section 1 

Power ICs 

LM380 Audio Power Amplifier 

.Section 1 

Application Specific Analog Products 

LM383 7W Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM384 5W Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM386 Low Voltage Audio Power Amplifier 

.Section 1 

Application Specific Analog Products 

LM387/LM387A Low Noise Dual Preamplifier 

.Section 1 

Application Specific Analog Products 

LM388 1 .5W Audio Power Amplifier 

.Section 1 

Application Specific Analog Products 

LM389 Low Voltage Audio Power Amplifier with NPN 
Transistor Array 

.Section 1 

Application Specific Analog Products 

LM390 1 W Battery Operated Audio Power Amplifier . 

.Section 1 

Application Specific Analog Products 

LM391 Audio Power Driver 

. Section 1 

Application Specific Analog Products 

LM392 Low Power Operational Amplifier/Voltage 
Comparator 

.Section 1 

Operational Amplifiers 

LM393 Low Power Low Offset Voltage Dual 
Comparator 

.Section 3 

Operational Amplifiers 

LM394 Supermatch Pair 

.Section 5 

Operational Amplifiers 

LM395 Ultra Reliable Power Transistor 

.Section 5 

Operational Amplifiers 

LM431 A Adjustable Precision Zener Shunt Regulator 

.Section 3 

Power ICs 

LM555 Timer 

.Section 4 

Application Specific Analog Products 

LM555C Timer 

. Section 4 

Application Specific Analog Products 

LM556 Dual Timer 

. Section 4 

Application Specific Analog Products 

LM556C Dual Timer 

. Section 4 

Application Specific Analog Products 

LM565 Phase Locked Loop 

.Section 4 

Application Specific Analog Products 

LM565C Phase Locked Loop 

.Section 4 

Application Specific Analog Products 

LM566C Voltage Controlled Oscillator 

. Section 4 

Application Specific Analog Products 

LM567 Tone Decoder 

.Section 4 

Application Specific Analog Products 

LM567CTone Decoder 

.Section 4 

Application Specific Analog Products 

LM61 1 Operational Amplifier and Adjustable 
Reference 

. Section 1 

Operational Amplifiers 

LM612 Dual-Channel Comparator and Reference . . . 

.Section 3 

Operational Amplifiers 

LM613 Dual Operational Amplifier, Dual Comparator, 
and Adjustable Reference 

.Section 3 

Operational Amplifiers 

LM613 Dual Operational Amplifier, Dual Comparator, 
and Adjustable Reference 

.Section 1 

Operational Amplifiers 

LM614 Quad Operational Amplifier and Adjustable 
Reference 

.Section 1 

Operational Amplifiers 

LM61 5 Quad Comparator and Adjustable Reference . 

.Section 3 

Operational Amplifiers 

LM628 Precision Motion Controller 

. Section 4 

Power ICs 

LM629 Precision Motion Controller 

.Section 4 

Power ICs 

LM675 Power Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM709 Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM710 Voltage Comparator 

.Section 3 

Operational Amplifiers 

LM723 Voltage Regulator 

.Section 1 

Power ICs 

LM725 Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM741 Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM747 Dual Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM748 Operational Amplifier 

.Section 1 

Operational Amplifiers 
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Additional Available Linear Devices (continued) 

LM759 Power Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM760 High Speed Differential Comparator 

. Section 3 

Operational Amplifiers 

LM831 Low Voltage Audio Power Amplifier 

. Section 1 

Application Specific Analog Products 

LM833 Dual Audio Operational Amplifier 

. Section 1 

Application Specific Analog Products 

LM837 Low Noise Quad Operational Amplifier 

. Section 1 

Application Specific Analog Products 

LM903 Fluid Level Detector 

. Section 3 

Application Specific Analog Products 

LM1036 Dual DC Operated Tone/ Volume/Balance 
Circuit 

. Section 1 

Application Specific Analog Products 

LM1042 Fluid Level Detector 

. Section 3 

Application Specific Analog Products 

LM1 131 Dual Dolby B-Type Noise Reduction 
Processor 

.Section 1 

Application Specific Analog Products 

LM1 201 Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1202 230 MHz Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1203 RGB Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1203A 150 MHz RGB Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1203B 100 MHz RGB Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1 204 1 50 MHz RGB Video Amplifier System 

.Section 2 

Application Specific Analog Products 

LM1 205 1 30 MHz RGB Video Amplifier System with 
Blanking 

.Section 2 

Application Specific Analog Products 

LM1207 85 MHz RGB Video Amplifier System with 
Blanking i 

.Section 2 

Application Specific Analog Products 

LM1 208 1 30 MHz RGB Video Amplifier System with 
Blanking ‘ 

.Section 2 

Application Specific Analog Products 

LM1209 100 MHz RGB Video Amplifier Systern with 
Blanking i 

.Section 2 

Application Specific Analog Products 

LM1 21 2 230 MHz Video Amplifier System with OSD 
Blanking 

.Section 2 

Application Specific Analog Products 

LM1281 85 MHz RGB Video Arnplifier System with On 
Screen Display (OSD) 

.Section 2 

Application Specific Analog Products 

LM1291 Video PLL System for Continuous Sync 
Monitors 

.Section 2 

Application Specific Analog Products 

LM1295 DC Controlled Geometry Correction System 
for Continuous Sync Monitors 

.Section 2 

Application Specific Analog Products 

LM1391 Phase-Locked Loop 

.Section 2 

Application Specific Analog Products 

LM1458 Dual Operational Amplifier — 

.Section 1 

Operational Amplifiers 

LM1496 Balanced Modulator-Demodulator 

.Section 4 

Application Specific Analog Products 

LM1558 Dual Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM1575 SIMPLE SWITCHER 1 A Step-Down Voltage 
Regulator 

.Sections 

Power ICs 

LM1575HV SIMPLE SWITCHER 1 A Step-Down 
Voltage Regulator 

.Section 3 

Power ICs 

LM1 577 SIMPLE SWITCHER Step-Up Voltage 
Regulator — * . . — 

.Sections 

Power ICs 

LM1577 SIMPLE SWITCHER Step-Up Voltage 
Regulator 

.Sections 

Application Specific Analog Products 

LM1578A Switching Regulator 

.Section 3 

Power ICs 

LM1596 Balanced Modulator-Demodulator 

.Section 4 

Application Specific Analog Products 

LM1801 Battery Operated Power Comparator 

.Section 3 

Operational Amplifiers 

LM 181 5 Adaptive Variable Reluctance Sensor 
Amplifier 

.Section 3 

Application Specific Analog Products 

LM1 81 9 Air-Core Meter Driver 

.Sections 

Application Specific Analog Products 
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Additional Available Linear Devices (Continued) 


LM1 823 Video IF Amplifier/PLL Detector System Section 2 

LM1830 Fluid Detector Section 3 

LM1851 Ground Fault Interrupter Section 4 

LM1865 Advanced FM IF System Section 4 

LM1868 AM/FM Radio System Section 4 

LM1875 20 Watt Power Audio Amplifier Section 1 

LM1 875 20W Audio Power Amplifier Section 1 

LM1 876 Dual 20W Audio Power Amplifier with Mute 

and Standby Modes Section 1 

LM1877 Dual Audio Power Amplifier Section 1 

LM1877 Dual Power Audio Amplifier Section 1 

LM1 881 Video Sync Separator Section 2 

LM1882 Programmable Video Sync Generator Section 2 

LM1893 Carrier-Current Transceiver Section 4 

LM1894 Dynamic Noise Reduction System DNR® Section 1 

LM1896 Dual Audio Power Amplifier Section 1 

LM1896 Dual Power Audio Amplifier Section 1 

LM1921 1 Amp Industrial Switch Section 3 

LM1946 Over/Under Current Limit Diagnostic Circuit . .Section 3 

LM1949 Injector Drive Controller Section 3 

LM1950 750 mA High Side Switch Section 3 

LM1951 Solid State 1 Amp Switch Section 3 

LM1971 jLiPot 62 dB Digitally Controlled Audio 

Attenuator with Mute Section 1 

LM1 972 jaPot 2-Channel 78 dB Audio Attenuator with 

Mute Section 1 

LM1 973 /xPot 3-Channel 76 dB Audio Attenuator with 

Mute Section 1 

LM241 6 Triple 50 MHz CRT Driver Section 2 

LM2416C Triple 50 MHz CRT Driver Section 2 

LM241 8 Triple 30 MHz CRT Driver Section 2 

LM241 9 Triple 65 MHz CRT Driver Section 2 

LM2427 Triple 80 MHz CRT Driver Section 2 

LM2524D Regulating Pulse Width Modulator Section 3 

LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage 

Regulator Section 3 

LM2574HV SIMPLE SWITCHER 0.5A Step-Down 

Voltage Regulator Section 3 

LM2575 SIMPLE SWITCHER 1 A Step-Down Voltage 

Regulator Section 3 

LM2575HV SIMPLE SWITCHER 1 A Step-Down 

Voltage Regulator Section 3 

LM2576 SIMPLE SWITCHER 3A Step-Down Voltage 

Regulator Section 3 

LM2576HV SIMPLE SWITCHER 3A Step-Down 

Voltage Regulator Section 3 

LM2577 SIMPLE SWITCHER Step-Up Voltage 

Regulator Section 3 

LM2577 SIMPLE SWITCHER Step-Up Voltage 

Regulator Section 3 

LM2578A Switching Regulator Section 3 
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Power ICs 

Application Specific Analog Products 
Power ICs 
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Additional Available Linear Devices (Continued) 


LM2587 SIMPLE SWITCHER 5A Flyback Regulator . . .Section 3 
LM2876 High-Performance 40W Audio Power Amplifier 


with Mute Section 1 

LM2877 Dual 4 Watt Power Audio Amplifier Section 1 

LM2877 Dual 4W Audio Power Amplifier Section 1 

LM2878 Dual 5 Watt Power Audio Amplifier Section 1 

LM2878 Dual 5W Audio Power Amplifier Section 1 

LM2879 Dual 8 Watt Audio Amplifier Section 1 

LM2879 Dual 8W Audio Power Amplifier Section 1 

LM2889 TV Video Modulator Section 2 

LM2893 Carrier-Current Transceiver Section 4 

LM2896 Dual Audio Power Amplifier Section 1 

LM2896 Dual Power Audio Amplifier Section 1 

LM2900 Quad Amplifier Section 1 

LM2901 Low Power Low Offset Voltage Quad 

Comparator Section 3 

LM2902 Low Power Quad Operational Amplifier Section 1 

LM2903 Low Power Low Offset Voltage Dual 

Comparator — Section 3 

LM2904 Low Power Dual Operational Amplifier Section 1 

LM2907 Frequency to Voltage Converter Section 3 

LM291 7 Frequency to Voltage Converter Section 3 

LM2924 Low Power Operational Amplifier/Voltage 
Comparator Section 1 


LM2925 Low Dropout Regulator with Delayed Reset . . .Section 3 
LM2925 Low Dropout Regulator with Delayed Reset . . .Section 2 
LM2926 Low Dropout Regulator with Delayed Reset . . .Section 2 
LM2926 Low Dropout Regulator with Delayed Reset . . .Section 3 
LM2927 Low Dropout Regulator with Delayed Reset . . .Section 3 
LM2927 Low Dropout Regulator with Delayed Reset . . .Section 2 


LM2930 3-Termlnal Positive Regulator Section 2 

LM2931 Series Low Dropout Regulators Section 2 

LM2931 Series Low Dropout Regulators Section 3 

LM2935 Low Dropout Dual Regulator Section 3 

LM2935 Low Dropout Dual Regulator Section 2 

LM2936 Ultra-Low Quiescent Current 5V Regulator Section 2 

LM2936 Ultra-Low Quiescent Current 5V Regulator Section 3 

LM2937 500 mA Low Dropout Regulator Section 3 

LM2937 500 mA Low Dropout Regulator Section 2 

LM2940/LM2940C 1A Low Dropout Regulators Section 2 

LM2940/LM2940C 1 A Low Dropout Regulators Section 3 

LM2941 /LM2941 C 1 A Low Dropout Adjustable 

Regulators Section 2 

LM2984 Microprocessor Power Supply System Section 2 

LM2984 Microprocessor Power Supply System Section 3 

LM2990 Negative Low Dropout Regulator Section 2 

LM2991 Negative Low Dropout Adjustable Regulator . .Section 2 

LM3001 Primary-Side PWM Driver Section 3 

LM3045 Transistor Array Section 1 

LM3045 T ransistor Array Section 5 

LM3046 Transistor Array Section 5 
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Additional Available Linear Devices (continued) 

LM3046 Transistor Array 

.Section 1 

Operational Amplifiers 

LM3080 Operational Transconductance Amplifier 

Section 1 

Operational Amplifiers 

LM3086 Transistor Array 

.Section 1 

Operational Amplifiers 

LM3086 Transistor Array 

.Section 5 

Operational Amplifiers 

LM3101 Secondary-Side PWM Controller 

Section 3 

Power ICs 

LM3146 High Voltage Transistor Array 

.Section 5 

Operational Amplifiers 

LM3301 Quad Amplifier 

Section 1 

Operational Amplifiers 

LM3302 Low Power Low Offset Voltage Quad 
Comparator 

.Section 3 

Operational Amplifiers 

LM3303 Quad Operational Amplifier 

Section 1 

Operational Amplifiers 

LM3403 Quad Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM341 1 Precision Secondary Regulator/Driver 

Section 3 

Power ICs 

LM3420-4.2, -8.4, -12.6 Lithium-Ion Battery Charge 
Controller 

Section 2 

Power ICs 

LM3524D Regulating Pulse Width Modulator 

Section 3 

Power ICs 

LM3578A Switching Regulator 

Section 3 

Power ICs 

LM3875 High Performance 40 Watt Audio Power 
Amplifier 

Section 1 

Operational Amplifiers 

LM3875 High Performance 56W Audio Power 

Amplifier 

Section 1 

Application Specific Analog Products 

LM3876 High Performance 56W Audio Power Amplifier 
with Mute 

Section 1 

Application Specific Analog Products 

LM3886 High-Performance 68W Audio Power Amplifier 
with Mute 

.Section 1 

Application Specific Analog Products 

LM3900 Quad Amplifier 

Section 1 

Operational Amplifiers 

LM3905 Precision Timer 

Section 4 

Application Specific Analog Products 

LM3909 LED Flasher/Oscillator 

.Section 4 

Application Specific Analog Products 

LM3914 Dot/Bar Display Driver 

Section 4 

Application Specific Analog Products 

LM3915 Dot/Bar Display Driver 

. Section 4 

Application Specific Analog Products 

LM3916 Dot/Bar Display Driver 

.Section 4 

Application Specific Analog Products 

LM3940 1 A Low Dropout Regulator for 5V to 3.3V 
Conversion 

. Section 2 

Power ICs 

LM4250 Programmable Operational Amplifier 

. Section 1 

Operational Amplifiers 

LM4700 OvertureTM 30W Audio Power Amplifier with 
Mute and Standby Modes 

. Section 1 

Application Specific Analog Products 

LM4860 1 W Audio Power Amplifier with Shutdown 
Mode 

. Section 1 

Application Specific Analog Products 

LM4861 VaW Audio Power Amplifier with Shutdown 
Mode 

. Section 1 

Application Specific Analog Products 

LM4862 350 mW Audio Power Amplifier with Shutdown 
Mode 

. Section 1 

Application Specific Analog Products 

LM4880 Dual 200 mW Audio Power Amplifier with 
Shutdown Mode 

. Section 1 

Application Specific Analog Products 

LM6104 Quad Gray Scale Current Feedback 

Amplifier 

. Section 4 

Operational Amplifiers 

LM6104 Quad Gray Scale Current Feedback 

Amplifier : 

. Section 1 

Operational Amplifiers 

LM6104 Quad Gray Scale Current Feedback 

Amplifier 

.Section 2 

Application Specific Analog Products 

LM61 18 Fast Settling Dual Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM6121 High Speed Buffer 

.Section 2 

Operational Amplifiers 
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Additional Available Linear Devices (Continued) 


LM61 21 High Speed Buffer Section 2 

LM6125 High Speed Buffer Section 2 

LM6125 High Speed Buffer Section 2 

LM6132 Dual High Speed/Low Power 7 MHz 

Rail-to-Rail I/O Operational Amplifier Section 1 

LM6134 Quad High Speed/Low Power 7 MHz 

Rail-to-Rail I/O Operational Amplifier Section 1 

LM6142 Dual High Speed/Low Power 17 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6142 Dual High Speed/Low Power 17 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM61 44 Quad High Speed/Low Power 1 7 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6144 Quad High Speed/Low Power 17 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6152 Dual High Speed/Low Power 45 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6152 Dual High Speed/Low Power 45 MHz 

Rail-to-Rail I/O Operational Amplifier Section 2 

LM61 54 Quad High Speed/Low Power 45 MHz 

Rail-to-Rail I/O Operational Amplifier Section 2 

LM61 54 Quad High Speed/Low Power 45 MHz 

Rail-to-Rail Input-Output Operational Amplifier Section 1 

LM6161 High Speed Operational Amplifier Section 1 

LM6161 High Speed Operational Amplifier .Section 2 

LM6162 High Speed Operational Amplifier Section 2 

LM6162 High Speed Operational Amplifier Section 1 

LM6164 High Speed Operational Amplifier Section 1 

LM6164 High Speed Operational Amplifier Section 2 

LM6165 High Speed Operational Amplifier Section 2 

LM6165 High Speed Operational Amplifier Section 1 

LM6171 Voltage Feedback Low Distortion Low Power 

Operational Amplifier Section 1 

LM6171 Voltage Feedback Low Distortion Low Power 

Operational Amplifier Section 2 

LM6181 100 mA, 100 MHz Current Feedback 

Amplifier Section 2 

LM6181 100 mA, 100 MHz Current Feedback 

Amplifier Section 1 

LM6182 Dual 100 mA Output, 100 MHz Dual Current 

Feedback Amplifier Section 1 

LM6182 Dual 100 mA Output, 100 MHz Dual Current 

Feedback Amplifier Section 2 

LM6218 Fast Settling Dual Operational Amplifier Section 1 

LM6221 High Speed Buffer Section 2 

LM6221 High Speed Buffer Section 2 

LM6225 High Speed Buffer Section 2 

LM6225 High Speed Buffer Section 2 

LM6261 High Speed Operational Amplifier Section 1 

LM6261 High Speed Operational Amplifier Section 2 

LM6262 High Speed Operational Amplifier Section 2 
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Additional Available Linear Devices (Continued) 


LM6262 High Speed Operational Amplifier Section 1 

LM6264 High Speed Operational Amplifier Section 1 

LM6264 High Speed Operational Amplifier Section 2 

LM6265 High Speed Operational Amplifier Section 2 

LM6265 High Speed Operational Amplifier Section 1 

LM6313 High Speed, High Power Operational 

Amplifier Section 1 

LM6321 High Speed Buffer Section 2 

LM6321 High Speed Buffer Section 2 

LM6325 High Speed Buffer Section 2 

LM6325 High Speed Buffer Section 2 

LM6361 High Speed Operational Amplifier Section 1 

LM6361 High Speed Operational Amplifier Section 2 

LM6362 High Speed Operational Amplifier Section 2 

LM6362 High Speed Operational Amplifier Section 1 

LM6364 High Speed Operational Amplifier Section 1 

LM6364 High Speed Operational Amplifier Section 2 

LM6365 High Speed Operational Amplifier Section 2 

LM6365 High Speed Operational Amplifier Section 1 

LM651 1 180 ns 3V Comparator Section 3 

LM71 21 Tiny Very High Speed Low Power Voltage 

Feedback Amplifier Section 1 

LM7131 Tiny High Speed Single Supply Operational 

Amplifier Section 1 

LM7131 Tiny High Speed Single Supply Operational 

Amplifier Section 2 

LM7171 Very High Speed High Output Current Voltage 

Feedback Amplifier Section 2 

LM7171 Very High Speed High Output Current Voltage 

Feedback Amplifier Section 1 

LM7800C Series 3-Terminal Positive Regulator Section 1 

LM8305 STN LCD Display Bias Voltage Source Section 2 

LM8305 STN LCD Display Bias Voltage Source Section 4 

LM9044 Lambda Sensor Interface Amplifier Section 3 

LM9061 Power MOSFET Driver with Lossless 

Protection Section 3 

LM13600 Dual Operational Transconductance 

Amplifier with Linearizing Diodes and Buffers Section 1 

LM 13700 Dual Operational Transconductance 

Amplifier with Linearizing Diodes and Buffers Section 1 

LM18293 Four Channel Push-Pull Driver Section 4 

LM77000 Power Operational Amplifier Section 1 

LMC555 CMOS Timer Section 4 

LMC567 Low Power Tone Decoder Section 4 

LMC568 Low Power Phase-Locked Loop Section 4 

LMC660 CMOS Quad Operational Amplifier Section 1 

LMC662 CMOS Dual Operational Amplifier Section 1 

LMC835 Digital Controlled Graphic Equalizer Section 1 

LMC1982 Digitally-Controlled Stereo Tone and Volume 
Circuit with Two Selectable Stereo Inputs Section 1 
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Additional Available Linear Devices (continued) 

LMC1 983 Digitally-Controlled Stereo Tone and Volume 

Circuit with Three Selectable Stereo Inputs 

LMC1992 Digitally-Controlled Stereo Tone and Volume 

Section 1 

Application Specific Analog Products 

Circuit with Four-Channel Input-Selector 

Section 1 

Application Specific Analog Products 

LMC6001 Ultra Ultra-Low Input Current Amplifier 

Section 1 

Operational Amplifiers 

LMC6008 8 Channel Buffer 

Section 4 

Operational Amplifiers 

LMC6008 8 Channel Buffer 

LMC6022 Low Power CMOS Dual Operational 

Section 2 

Application Specific Analog Products 

Amplifier 

LMC6024 Low Power CMOS Quad Operational 

Section 1 

Operational Amplifiers 

Amplifier 

Section 1 

Operational Amplifiers 

LMC6032 CMOS Dual Operational Amplifier 

Section 1 

Operational Amplifiers 

LMC6034 CMOS Quad Operational Amplifier 

LMC6041 CMOS Single Micropower Operational 

Section 1 

Operational Amplifiers 

Amplifier 

LMC6042 CMOS Dual Micropower Operational 

Section 1 

Operational Amplifiers 

Amplifier 

LMC6044 CMOS Quad Micropower Operational 

Section 1 

Operational Amplifiers 

Amplifier 

LMC6061 Precision CMOS Single Micropower 

Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6062 Precision CMOS Dual Micropower 

Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6064 Precision CMOS Quad Micropower 

Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6081 Precision CMOS Single Operational 

Section 1 

Operational Amplifiers 

Amplifier 

LMC6082 Precision CMOS Dual Operational 

.Section 1 

Operational Amplifiers 

Amplifier 

LMC6084 Precision CMOS Quad Operational 

.Section 1 

Operational Amplifiers 

Amplifier 

LMC6462 Dual Micropower, Rail-to-Rail Input and 

. Section 1 

Operational Amplifiers 

Output CMOS Operational Amplifier 

LMC6464 Quad Micropower, Rail-to-Rail Input and 

.Section 1 

Operational Amplifiers 

Output CMOS Operational Amplifier 

LMC6482 CMOS Dual Rail-to-Rail Input and Output 

.Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6484 CMOS Quad Rail-to-Rail Input and Output 

.Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6492 Dual CMOS Rail-to-Rail Input and Output 

.Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6494 Quad CMOS Rail-to-Rail Input and Output 

.Section 1 

Operational Amplifiers 

Operational Amplifier 

LMC6572 Dual Low Voltage (3V) Operational 

.Section 1 

Operational Amplifiers 

Amplifier 

LMC6574 Quad Low Voltage (2.7V) Operational 

.Section 1 

Operational Amplifiers 

Amplifier 

LMC6582 Dual Low Voltage, Rail-to-Rail Input and 

.Section 1 

Operational Amplifiers 

Output CMOS Operational Amplifier 

LMC6584 Quad Low Voltage, Rail-to-Rail Input and 

.Section 1 

Operational Amplifiers 

Output CMOS Operational Amplifier 

.Section 1 

Operational Amplifiers 





Additional Available Linear Devices (Continued) 


LMC6681 Single Low Voltage, Rail-to-Rail Input and 


Output CMOS Amplifier with Powerdown 

.Section 1 

Operational Amplifiers 

LMC6682 Dual Low Voltage, Rall-to-Rail Input and 
Output CMOS Amplifier with Powerdown 

. Section 1 

Operational Amplifiers 

LMC6684 Quad Low Voltage, Rail-to-Rail Input and 
Output CMOS Amplifier with Powerdown 

. Section 1 

Operational Amplifiers 

LMC6762 Dual Micropower, Rall-to-Rail Input and 
Output CMOS Comparator 

. Section 3 

Operational Amplifiers 

LMC6764 Quad Micropower, Rail-to-Rail Input and 
Output CMOS Comparator 

.Section 3 

Operational Amplifiers 

LMC6772 Dual Micropower Rall-to-Rail Input and Open 
Drain Output CMOS Comparator 

I 

. Section 3 

Operational Amplifiers 

LMC6774 Quad Micropower Rail-to-Rail Input and 
Open Drain Output CMOS Comparator 

. Section 3 

Operational Amplifiers 

LMC7101 Tiny Low Power Operational Amplifier with 
Rail-to-Rail Input and Output 

. Section 1 

Operational Amplifiers 

LMC71 1 1 Tiny CMOS Operational Amplifier with 
Rail-to-Rail Input and Output 

.Section 1 

Operational Amplifiers 

LMC721 1 Tiny CMOS Comparator with Rail-to-Rail 
Input 

. Section 3 

Operational Amplifiers 

LMC7221 Tiny CMOS Comparator with Rall-to-Rail 
Input and Open Drain Output 

. Section 3 

Operational Amplifiers 

LMC7660 Switched Capacitor Voltage Converter 

.Section 3 

Power ICs 

LMD18200 3A, 55V H-Bridge 

. Section 4 

Power ICs 

LMD18201 3A, 55V H-Bridge 

. Section 4 

Power ICs 

LMD18245 3A, 55V DMOS Full-Bridge Motor Driver . . 

. Section 4 

Power ICs 

LMD18400 Quad High Side Driver 

. Section 3 

Application Specific Analog Products 

LP31 1 Voltage Comparator 

.Section 3 

Operational Amplifiers 

LP339 Ultra-Low Power Quad Comparator 

.Section 3 

Operational Amplifiers 

LP395 Ultra Reliable Power Transistor 

. Section 5 

Operational Amplifiers 

LP2950/A-XX Series of Adjustable Micropower 

Voltage Regulators 

. Section 3 

Application Specific Analog Products 

LP2950/A-XX Series of Adjustable Micropower 

Voltage Regulators 

. Section 2 

Power ICs 

LP2951 /A-XX Series of Adjustable Micropower 

Voltage Regulators 

. Section 2 

Power ICs 

LP2951 / A-XX Series of Adjustable Micropower 

Voltage Regulators 

.Sections 

Application Specific Analog Products 

LP2952 Adjustable Micropower Low-Dropout Voltage 
Regulator 

. Section 2 

Power ICs 

LP2953 Adjustable Micropower Low-Dropout Voltage 
Regulator 

.Section 2 

Power ICs 

LP2954 5V Micropower Low-Dropout Voltage 

Regulator 

. Section 2 

Power ICs 

LP2956 Dual Micropower Low-Dropout Voltage 
Regulator 

.Section 2 

Power ICs 

LP2957 5V Low-Dropout Regulator for jaP 

Applications 

. Section 2 

Power ICs 

LP2980 Micropower SOT, 50 mA Ultra Low-Dropout 
Regulator 

.Section 2 

Power ICs 
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Additional Available Linear Devices (Continued) 


LPC660 Low Power CMOS Quad Operational 

Ampiifier Section i 

LPC661 Low Power CMOS Operational Amplifier Section 1 

LPC662 Low Power CMOS Dual Operational 

Amplifier Section 1 

MM5368 CMOS Oscillator Divider Circuit Section 4 

MM5369 17 Stage Oscillator/Divider Section 4 

MM5450 LED Display Driver Section 4 

MM5451 LED Display Driver Section 4 

MM5452 Liquid Crystal Display Driver Section 4 

MM5453 Liquid Crystal Display Driver .Section 4 

MM5480 LED Display Driver Section 4 

MM5481 LED Display Driver Section 4 

MM5483 Liquid Crystal Display Driver Section 4 

MM5484 16-Segment LED Display Driver Section 4 

MM5486 LED Display Driver Section 4 

MM58241 High Voltage Display Driver Section 4 

MM58341 High Voltage Display Driver Section 4 

MM58342 High Voltage Display Driver Section 4 

OP07 Low Offset, Low Drift Operational Amplifier Section 1 

Packing Considerations (Methods, Materials and 

Recycling) Sections 

Packing Considerations (Methods, Materials and 

Recycling) Sections 

Packing Considerations (Methods, Materials and 

Recycling) Sections 

Recommended Soldering Profiles— Surface Mount Section S 

Recommended Soldering Profiles— Surface Mount Section S 

Recommended Soldering Profiles — Surface Mount Section 6 

TL081 Wide Bandwidth JFET Input Operational 

Amplifier Section 1 

TL082 Wide Bandwidth Dual JFET Input Operational 
Amplifier Section 1 
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National Semiconductor 


Data Acquisition Systems 
Definition of Terms 


Throughput Time: The time it takes from addressing the 
analog input channels till valid data is read on the output. In 
the case of systems such as the LM 12454/8 family, this 
includes reading the sequencer instruction, selecting the 
proper multiplexer input channels and waiting for them to 
settle, the conversion time of the A/D, storing the results in 
the FIFO, sending a data request, and one clock cycle for 
the read to occur. 

Throughput Rate: The inverse of the Throughput Time. 


Watchdog Mode: This mode of operation is used to moni- 
tor an analog input’s amplitude to two preset (and program- 
mable) limits. An interrupt signal can be generated if the 
input signal is above or below either of the two limits. As the 
preset limits are fed into the successive approximation 
A/D’s internal D/A, and then compared to the input signal, 
the watchdog mode can provide a quick and accurate as- 
sessment of a possible alarm condition. 
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Data Acquisition Systems— Definition of Terms 




Data Acquisition Systems Seiection Guide 


Part 

No. 

I/O 

Type 

Mode/Res’ 

(Bits) 

Accuracy 

(Max) 

Conversion 
Time (Max) 

S/H 

#MUX 

Inputs 

On-Board 

Reference 

Supply 

Voltage 

Temp 

Range 

Power 
(mW Max) 

Packages 

Comments 

ADC0851B 

Serial 

8 

W 

±y2LSB 

18 fJLS 

2 fis 

N 

2 

N 

+ 5V 

l,M 

50 mW 

N,V 


ADC0851C 

Serial 

8 

W 

+ 1 LSB 

18 jms 

N 

2 

N 

+ 5V 

1, M 

50 mW 

N.V 


ADC0858B 

Serial 

8 

W 

± 1/2 LSB 

18 jas 

N 

8 

N 

+ 5V 

l,M 

50 mW 

N.V 


ADC0858C 

Serial 

8 

W 

±1 LSB 

18 jLiS 

N 

8 

N 

+ 5V 

l,M 

50 mW 

N,V 


LM12454 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

±1 LSB 

8.8 jLiS 

4.2 jLtS 

Y 

4 

Y 

+ 5V 

1 

30 mW 

V 

On-Board 
Timer, FIFO, 
Sequencer 

LM12458 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

±1 LSB 

CO (0 

:i id. 
ao c\j 

00 

Y 

8 

Y 

+ 5V 

1, M 

30 mW 

V, VF, EL 

On-Board 
Timer, FIFO, 
Sequencer 

LM12H454 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

±1 LSB 

5.5 jLtS 

2.6 JLtS 

Y 

4 

Y 

+ 5V 

1 

34 mW 

V 

On-Board 
Timer, FIFO, 
Sequencer 

LM12H458 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

+ 1 LSB 

5.5 JLtS 

2.6 fjLS 

Y 

8 

Y 

+ 5V 

l,M 

34 mW 

V. VF, EL 

On-Board 
Timer, FIFO, 
Sequencer 

LM12L458 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

±1 LSB 

7.3 /xS 

3.5 JLtS 

Y 

8 

Y 

+ 5V 

l,M 

15 mW 

V, VF, EL 

3V Operation 

LM12L454 

Parallel/ 

Byte-Wide 

12 + Sign 

8 + Sign 

W 

±1 LSB 

7.3 JLtS 

3.5 JLtS 

Y 

4 

Y 

+ 5V 

1, M 

15 mW 

V, VF, EL 

3V Operation 

LM12434 

Serial 

12 + Sign 

8 + Sign 

W 

±1 LSB 

5.5 jaS 

2.6 JLtS 

Y 

4 

N 

+ 5V 

1 

45 mW 

V, M 

On-Board 
Timer, FIFO, 
Sequencer 

LM12438 

Serial 

12 + Sign 

8 + Sign 

W 

±1 LSB 

5.5 juts 

2.6 JLtS 

Y 

8 

N 

+ 5V 

1 

45 mW 

V,M 

On-Board 
Timer, FIFO, 
Sequencer 

LM12L438 

Serial 

12 + Sign 

8 + Sign 

W 

±1 LSB 

7.3 JLtS 

3.5 juts 

Y 

8 

N 

+ 5V 

1 

20 mW 

V,M 

3V Operation 




Resolution: W Watchdog Comparison Mode 

(See datasheets for details) 


Package Codes: 


N Plastic DIP 
M Small Outline 
V PLCC 

VF PQFP 

EL CLCC 


Temperatures: C 

I 

M 


0°Cto +70“C 
-25°Cto +85“C 
or -40“Cto +85°C 
-55°Cto +125°C 


Data Acquisition Systems 
Selection Guide 




N a tiona 


I Semiconductor 


ADC0851 and ADC0858 8-Bit Analog Data 
Acquisition and Monitoring Systems 


General Description 

The ADC0851 and ADC0858 are 2 and 8 input analog data 
acquisition systems. They can function as conventional mul- 
tiple input A/D converters, automatic scanning A/D convert- 
ers or programmable analog “watchdog” systems. In 
“watchdog” mode they monitor analog inputs and deter- 
mine whether these inputs are inside or outside user pro- 
grammed window limits. This monitoring process takes 
place independent of the host processor. When any input 
falls outside of its programmed window limits, an interrupt is 
automatically generated which flags the processor; the chip 
can then be interrogated as to exactly which channels 
crossed which limits. 

The advantage of this approach is that its frees the proces- 
sor from having to frequently monitor analog variables. It 
can consequently save having to insert many A/D subrou- 
tine calls throughout real time application code. In control 
systems where many variables are continually being moni- 
tored this can significantly free up the processor, especially 
if the variables are DC or slow varying signals. 

The Auto A/D conversion feature allows the device to scan 
through selected input channels, performing an A/D conver- 
sion on each channel without the need to select a new 
channel after each conversion. 


Key Specifications 

■ Resolution 8 Bits 

■ Total error ± Yz LSB or ± 1 LSB 

■ Low power 50 mW 

n Conversion time 1 8 jas/Channel 

■ Limit comparison time 2 jas/ Limit 

Features 

■ Watchdog operation signals processor when any 
channel is outside user programmed window limits 

■ Frees microprocessor from continually monitoring 
analog signals and simplifies applications software 

B 2 (ADC0851) or 8 (ADC0858) analog input channels 
B Single ended or differential input pairs 
B COM input for DC offsetting of input voltage 
B 4 (ADC0851) and 16 (ADC0858), 8-bit programmable 
limits 

B NSC MICROWIREtm interface 
B Power fail detection 
B Auto A/D conversion feature 
B Single 5V supply 

m Window limits are user programmable via serial inter- 
face 


Applications 

B Instrumentation monitoring and process control 
B Digitizing automotive sensor signals 
B Embedded diagnostics 


Simpiified Biock Diagram 


RAM 

HIGH LIMIT LOW LIMIT 



FIGURE 1 


TL/H/11021-22 
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Connection Diagrams 


ADC0851 ADC0858 

2-ChanneiMUX 8-Channel MUX 

Dual-In-Line Package Dual-ln-Line Package 




— 




— 

Vcc- 

1 

16 

-DGND 


1 

20 

osc- 

2 

15 

-COMPH 

OSC- 

2 

19 


3 

14 

-COMPL 


3 

18 

CLK- 

4 

13 

-CHO 

CLK- 

4 

17 

Dl- 

5 

12 

-CHI 

Dl- 

5 

16 

00- 

6 

11 

-COM 

DO- 

6 

15 

iNT- 

7 

10 

-AGND 

iNT- 

7 

14 

EOC- 

8 

9 


EOC- 

8 

13 





DGND- 

9 

12 



Top View 

TL/H/1 1021-1 

%F“ 

10 

11 


Top View 


CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CH6 

CH7 

COM 

AGND 


TL/H/11021-2 


ADC085i PLCC Package ADC0858 PLCC Package 




1^ 

o 

o 

o 
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3 

2 

1 

20 
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18 
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18 

— COMPL 

DI- 
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17 
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17 

— NC 
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Dl — 
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16 
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15 

— CH5 

00- 
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15 
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8 
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8 



11 
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13 

14 

— NC 
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12 

13 
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10 





T 

"T 

T" 

"T 

T 





T" 

o 

z 

EOC-H 

T" 
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> 
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DGND' 

Ul 

q: 

> 

AGND' 

COM' 

X 

o 




TL/H/11021-4 


TL/H/11021-3 

Top View 


Top View 


Ordering Information 


Industrial 

(-40'’C ^ Ta ^ +85°C) 

Package 

ADC0851BIN, 

N16E, 16-Pin 

ADC0851CIN 

Plastic DIP 

ADC0858BIN, 

N20A, 20-Pin 

ADC0858CIN 

Plastic DIP 

ADC0851BIV, 

V20A, 20-Lead 

ADC0851CIV 

PLCC 

ADC0858BIV, 

V20A, 20-Lead 

ADC0858CIV 

PLCC 


Military 

(-55“C^Ta^ +125“C) 

Package 

ADC0851CMJ/883 

J16A, 16-Pin 
Ceramic DIP 

ADC0858CMJ/883 

J20A, 20-Pln 
Ceramic DIP 
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Absolute Maximum Ratings (Notes i &2) Operating Ratings (Notes i & 2) 

If Military/ Aerospace specified devices are required, Supply Voltage, Vcc 4.5V to 5.5V 

please contact the National Semiconductor Saies Temperature Range Tmin ^ Ta ^ Tmax 

Office/Distributors for availability and specifications. ADC0858CMJ/883 -55“C s Ta ^ + 125”C 

Supply Voltage. Vcc 6.5V ADC0851CMJ/883 -55 °C ^ Ta ^ + 125°C 

Voltage at Logic and Analog , ' ADC0858BIN, ADC0858CIN -40°C ^ Ta ^ +85“C 

Inputs (Note 3) -0.3V to Vnc + 0.3V ^ 

, ^ ADC0851BIN,ADC0851CIN -40“C ^ Ta ^ +85°C 

Input Current per Pin ± 5 mA 

, , ADC0858BIV, ADC0858CIV -40°C ^ Ta ^ +85°C 

Input Current per Package ±20mA 

o* T * ccoo. ADC0851BIV.ADC0851CIV -40°C ^ Ta ^ +85°C 

Storage Temperature - 65“C to + 1 50“C ^ 

Package Dissipation 500 mW 

at Ta = +25“C (Board Mount) 800 mW 

Lead Temperature (Soldering, 10 Sec.) 

Dual-ln-Line (Plastic) + 260'’C 

Dual-ln-Line (Ceramic) + OOO^C 

ESD Susceptibility (Note 4) 2000V 

DC Electrical Characteristics 

The following specifications apply for Vcc = +5 Vdc. Vref = +4.5 Vdc. AGND = DGND = OV and fosc = “I MHz (Rext = 

3.16 kft, Cext = 170 pF) unless otherwise specified. Boidface iimits appiy for Ta = Tj = Tmin to Tmax! all oth©'” apply 

at Ta = Tj = +25°C. 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

(Limits) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error (Note 7) 

ADC0851 /8/BIN, ADC0851 /8/BIV 
ADC0851 /8/CIN, ADC0851 /8/CMJ, 
ADC0851 /8/CIV 



±% 

± 1 

±1 

LSB (Max) 

LSB (Max) 

LSB (Max) 

Comparator Offset 

ADC0851 /8/BIN, ADC0858BIV 
ADC0851 /8/CIN, ADC0851 /8/CMJ, 
ADC0858CIV 


±2.5 

±2.5 

±2.5 

±10 

±20 

±20 

mV (Max) 
mV (Max) 
mV (Max) 

Vref li^put Resistance 


6 

3.5 

10 

kft (Min) 
kft (Max) 

Common Mode Input Voltage 
(Note 8) 

All MUX Inputs 
and COM Input 


GND - 0.05 
Vq(5 + 0.05 

V (Min) 

V (Max) 

DC Common Mode Error 

AVcm = -0.05V to + 5.05 V 

±1/16 

±1/4 

LSB (Max) 

Power Supply Sensitivity 

Vref = 4.75V 

Vcc = 5V ± 5% 

Vref = 4.5V 

Vcc = 5V ± 10% 

±1/16 

±1/16 

±1/4 

±1/2 

LSB (Max) 

Iqff. 

Off Channel 

Leakage Current 
(Note 9) 

On Channel = 5V 

Off Channel = OV 

-0.01 

-3 

/xA (Max) 

On Channel = OV 

Off Channel = 5V 

+ 0.01 

+ 3 

jliA (Max) 

Ion. 

On Channel 

Leakage Current 
(Note 9) 

On Channel = 5V 

Off Channel = OV 

+ 0.01 

+ 3 

/xA (Max) 

On Channel = OV 

Off Channel = 5V 

-0.01 

-3 

/xA (Max) 
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DC Electrical Characteristics (Continued) 

The following specifications apply for Vcc = +5 Vdc. Vref = +4.5 Vdc. AGND = DGND = OV and fosc = MHz (Rext = 
3.16 kft, Cext = 170 pF) unless otherwise specified. Boldface limits apply for Ta = Tj = Twin Tmax; other limits apply 
atlA = Tj = +25"C. 


Parameter 

Conditions 

Typical 
(Note 5) 

Limit 

(Note6) 

Units 

(Limits) 

DIGITAL CHARACTERISTICS 

Logic “1” Input 

Voltage, V|h 

Vcc = 5.5V 


2.2 

V (Min) 


Vcc = 4.5V 


0.8 


Logic “1” Input 

Current, I|h 

V|N = Vcc 

0.005 

3 

fiA (Max) 

Logic “0” Input 

Current, I|l 

> 

o 

II 

z 

> 

-0.005 

-3 

fiA (Max) 

Logic “1” Output 

Voltage, Vqh 
(E xcept TfTT) 

Vcc = 4.5V 
■out = —360 jllA 
■out == -10 jaA 


2.4 

4.2 


Logic “0” Output 

Voltage, Vql 

■out =1.6 mA 

Vcc = 4.5V 


0.4 


TRI-STATE® Output 

Current (DO) 

CS = Logic “1” (5V) 

VouT = 0.4V 

VoUT = 5V 

-0.1 

0.1 

-3 

3 

juiA (Max) 
jaA (Max) 

■source 

(Except INT) 

VouT Short to GND 

-14 

-6.5 

mA (Min) 

■sink 

VouT Short to Vcc 

16 

8 

mA (Min) 

Supply Current, Ice 

ADC0851 or ADC0858 

fCLK = 1 MHz 
fCLK = 2 MHz 
(Note 10) 

7 

7.2 

10 

mA (Max) 
mA 


AC Electrical Characteristics 

The following specifications apply for Vcc = +5 Vdc. Vref = +4.5 Vqc. AGND = DGND = OV, fcLK = 1 MHz, t^ = tf = 
5 ns unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits apply at Ta = Tj = 25‘’C. 


Symbol 


Parameter 


Conditions 


Typical 
(Note 5) 


Limit 
(Note 6) 


Units 

(Limits) 


ICLK 


Data Clock Frequency 


MHz (Max) 


Clock Duty Cycle 
(Note 11) 


40 

60 


% (Min) 
% (Max) 


tSET-UP 


CS Falling Edge or 
Data Input Valid to 
CLK Rising Edge 


30 


70 


ns (Min) 


Ihold 


Data Input Valid after 
CLK Rising Edge 


30 


ns (Min) 


tpDi.tpDO 


CLK Rising Edge to 
Output Data Valid 


Cl= 100 pF 


80 


200 


ns (Max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for Vcc = +5 Vdc. Vref == +4.5 Vdc. AGND = DGND = OV, fcLK = 1 MHz, V = tf = 
5 ns unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin TmaxJ other limits apply at Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

(Limits) 

tiH.toH 

Rising Edge of CS to 

Data Output Hi-Z 

C = 100pF, R = 2k 
(See TRI-STATE 

Test Circuits) 

90 

200 

ns (Max) 

fosc 

Oscillator Clock Freq. 
(Analog Timing) 

Rext = 3.16kft 
^ext ~ 170 pF 

1 

1.4 

0.6 

MHz (Max) 

MHz (Min) 

tEOC 

CS to End of 

Conversion Delay 



1 

2 

OSC Clock 
Periods 

Min 

Max 

tConv 

Conversion Time 



17 

18 

OSC Clock 

Periods 

(Min) 

(Max) 

tcS-lFTT 

CSto Interrupt Delay 


60 

120 

ns (Max) 

C|N 

Capacitance of 

Logic Input 


5 


pF 

CoUT 

Capacitance of 

Logic Output 


5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to ground (AGND = DGND = OV). 

Note 3: All of the analog and digital input pins are internally diode clamped to the supply pins. Should the applied voltage at any pin exceed the power supply 
voltage, the additional absolute value of current at that pin (caused by the forward biasing of the internal diodes) should be limited to 5 mA or less. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Typical specifications are at + 25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Total unadjusted error includes comparator offset, ADC linearity and multiplexer error, and, is expressed in LSBs. 

Note 8: Two on-chip diodes are tied to each analog input. The diodes will forward conduct for analog input voltages one diode drop below ground or one diode drop 
above Vcc- Care should be exercised when operating the device at low supply voltages (e.g., Vcc = 4.5V) because high analog inputs (5V) can cause the input 
diodes to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full scale. The specification allows 50 mV forward bias of either 
clamp diode. Thus as long as V|n or Vref does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vqc 
to 5 Vdc input voltage range will therefore require a minimum supply voltage of 4.950 Voc- 
Note 9: Leakage current is measured with the oscillator clock disabled. 

Note 10: Measured supply current does not include the DAC ladder current. 

Note 11: A 40% to 60% clock duty cycle range ensures proper operation at ail clock frequencies. 


1-9 


ADC0851 and ADC0858 





ADC0851 and ADC0858 


Typical Performance Characteristics 


Offset Error vs 
Reference Voltage 








L_ 


5V ' 









1MHz 









= 2 

5®C 








r 
















10.4 






1 





10.3 



A 








10.2 




□ 


















10.1 

0 




L_ 








12 3 4 

REFERENCE VOLTAGE (V) 


Linearity Error vs 
Reference Voltage 



12 3 4 

REFERENCE VOLTAGE (V) 


Total Unadjusted Error 
vs Temperature 



-55 -15 25 65 105 145 

TEMPERATURE (®C) 


OSC Frequency 
vs Temperature 



-55 -15 25 65 105 145 

TEMPERATURE (®C) 


OSC Frequency vs 
Rext and Cext 


R„t=2.5kn 

5 ^^^■R.xt = 3.3kll 

R-„* = 5.1kn 

o il rrntrn d 

0 100 200 300 400 500 

CextCPO , 
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Watchdog Operation ADC0851 



858000 V PUB^ 58000 V 
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Write ail Limits to ADC0851/ADC0858 


^n nnnnnnnnnnn... nnnnnnn 

V///\ 1 i~ l 0 I 1 I LO I II I U I 1} I U I L5 [ Lt I 17 I ••• | LO | 71 | Li | 13 | U | U | 16 | IT Y////\ 

LIMIT 0 LIMIT 3 (ADC0851). LIMIT 15 (ADC0858) 


Read 1 Limit from ADC0851/ADC0858 


^ nnnnnnnnnnnnnnnnn n^ 


1 I 0 I 1 1 I A3 I A2 I A1 I AO 


LO LI L2 L3 L4 L5 I L6 I L7 


Read all Limits from ADC0851/ADC0858 


^nnnnnnnnnnnn»««nnnnnnnnnn^ 


01 1 1 11 


LO I LI I L2 I L3 I L4 I L5 I L6 I L7 I ••• I LO I LI I L2 I L3 L4 L5 L6 I L7 


LIMIT 3 (ADC0851), LIMIT 15 (ADC0858) 


TL/H/11021-19 


Diagrams for ADC0851 and ADC0858 (Continued) 
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ADC0851 Programming Chart 


Function 

Receive (Dl) 


Transmit 

Comments 

Mode 



(DO) 

Watchdog 

1000 

C11 ...CO 

T3.. 

,.T0,C11 ...CO, P,S3...S0 

Send Data after InT 

Write 1 Limit 

1001 

A3 . . . AO, LO . . . L7 


Write Limit to RAM 

1 A/D Conversion 

1010 

13 ... 10 

DO. 

. . D7, 13 . . . 10 

Send Data after Conversion 

Read 1 Limit 

1011 

A3 ... AO 

LO.. 

.L7 

Send Limit from RAM 

Test 

1100 



Do Not Use (See Text) 

Write all Limits 

1101 

4 Bytes, LO First 


Write All Limits to RAM 

Auto A/D Convert 

1110 

C11 ...CO 

DO. 

. . D7, 13 . . . 10 

Continuous Conversion 

Read all Limits 

1111 


4 Bytes, LO First 

Send all Limits from RAM 


ADC0858 Programming Chart 


Function 

Receive (Dl) 

Transmit 

(DO) 

Comments 

Mode 


Watchdog 

1000 

C11 ...CO 

T3...T0,C11 ...CO, P, S15...S0 

Send Data after InT 

Write 1 Limit 

1001 

A3 . . . AO, LO . . . L7 


Write Limit to RAM 

1 A/D Conversion 

1010 

13 ... 10 

D0...D7, 13... 10 

Send Data after Conversion 

Read 1 Limit 

1011 

A3... AO 

LO . . . L7 

Send Limit from RAM 

Test 

1100 



Do Not Use (See Text) 

Write all Limits 

1101 

16 Bytes, LO First 


Write all Limits to RAM 

Auto A/D Convert 

1110 

C11 ...CO 

DO ... D7, 13 ... 10 

Continuous Conversion 

Read all Limits 

1111 


16 Bytes, LO First 

Send all Limits from RAM 


Serial Communication Bit Order 


Information Type 

Bit Order 

ADC0851 

ADC0858 

First 


Last 

First 


Last 

Limit Data 

LO 


L7 

LO 


L7 

A/D Conversion Data 

DO 


D7 

DO 


D7 

Limit Address 

A3 


AO 

A3 


AO 

Status 

S3 


SO 

SI 5 


SO 

Channel Tag 

T3 


TO 

T3 


TO 

Channel Configuration 

C11 


CO 

C11 


CO 

Channel Information 

13 


10 

13 


10 

Mode 

M3 


MO 

M3 


MO 

Power Fail 

P (One Bit) 

P (One Bit) 
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Pin Descriptions 

Vcc Positive power supply pin. Bypass to analog 

ground with a 0.1 jaF ceramic capacitor in 
parallel with a 10 /xF tantalum capacitor. 

OSC Input/Output pin used to generate internal 

timing for A/D conversion. This pin is con- 
nected to an external resistor and capacitor 
to set the oscillation frequency for analog 
timing (see Figure 12). 

CS This is the chip select input pin. It must be 

held low while data is transferred to or from 
the ADC0851/8 (see Timing Diagram). 

CLK The serial clock input pin is used to clock 

serial data either into the data input pin (Dl) 
or out of the data output pin (DO). Input data 
is loaded on the rising edge of CLK and the 
output data is valid at the falling edge of 
CLK. 

Dl Serial data digital input pin. 

DO TRI-STATE data output pin. 

InT This is the active low interrupt pin that Indi- 

cates that at least one analog input channel 
voltage level has exceeded the pro- 
grammed window limits. Since this pin has 
an open drain output, an external pull up re- 
sistor is required. This allows many devices 
to be wire-ORed together using a single 
pull-up resistor. 

EOC End of conversion output pin. The low state 

indicates that an A/D conversion is in prog- 
ress. The EOC pin goes high when the con- 
version is completed. 


AGND 

DGND 


Vref 


COM 


CH0-CH1 

(ADC0851) 

CH0-CH7 

(ADC0858) 

COMPL, 

COMPH 


Analog ground reference. 

Digital ground reference for the logic Inputs. 
Both AGND and DGND should be at same 
potential. 

This is the analog reference pin. The volt- 
age applied to this pin sets the full scale 
A/D conversion range. Recommended volt- 
ages applied to this pin range from IV to 
Vcc- Bypass to analog ground with a 0.1 jaF 
ceramic capacitor in parallel with a lOjaF 
tantalum capacitor. 

The COM pin functions as an inverting dif- 
ferential input common to all analog inputs 
when each channel is configured as a sin- 
gle-ended channel. If the input channels are 
programmed as differential pairs then the 
COM input has no effect. 

CH0-CH7 are analog input channels which 
can be configured as single ended inputs or 
as differential pairs. The analog input volt- 
age should stay within the power supply 
range. 

These output pins are available only on the 
ADC0851. During “Watchdog” operation, if 
either of the inputs exceeds the window lim- 
its, not only is an interrupt generated but 
also the COMPL and COMPH pins go low to 
indicate whether the upper or lower bounda- 
ry was exceeded (See applications section 
for more information.) 
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General Overview 

The ADC0851/58 is a versatile microprocessor-compatible 
data acquisition system with an on-board watchdog capabili- 
ty. The device is capable of synchronous serial interface 
with most microprocessors and includes a multiplexer, a 
RAM and a successive approximation register. The 
ADC0851 and the ADC0858 have two and eight input chan- 
nels respectively. 


the input channel and the limit (upper or lower) that will be 
preset, and the last eight bits set the limit (or comparator 
threshold). 

The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 

Vlim = Vref {Vz L7 + 1/4 L6 + . . . + 1/256 LO) 
where L7 is the MSB. 


1.0 Modes of Operation 

The device can be used in any one of the eight modes of 
operation listed below. A mode is selected by taking CS low 
and providing the 1C with an input word whose first four bits 
specify the desired mode (see the “Programming Charts” 
for the mode selection codes): 


Data Input (Dl) Word— ADC0851 or ADC0858 


I 0 I 0 I 1 I A3 I A2 I A1 I AO I LO I LI I L2 I L3 I L4 I L5 I L6 I L7 I 


MEMORY ADDRESS (TABLE lA FOR ADC08S1, 
TABLE IB FOR ADC0858) 


TL/H/11021-24 


1.1 WATCHDOG MODE 

This mode of operation allows the device to operate as a 
digitally-programmable window comparator. The analog in- 
put voltage at each channel is compared against the upper 
and lower boundary limits stored in an internal RAM. When 
an input falls outside of its programmed window limits, an 
interrupt is generated. The microprocessor can then pull ^ 
low which causes the device to produce a bit stream that 
indicates which channel(s) crossed which limit(s). 

The watchdog mode is selected by taking CS low and shift- 
ing in the four bit word (1 0 0 0) followed by a twelve bit 
word that configures the analog inputs to operate either as 
single-ended or as differential pairs (CH0-CH1 , CH2-CH3, 
etc.). When a channel is operating single-ended, its input 
voltage Is compared to the upper and lower limits stored in 
RAM for that input. When two inputs are configured as a 
differential pair, the limits stored In the RAM for the channel 
with the lower number will be compared against the differ- 
ential input voltage. For example, the differential voltage 
CH0-CH1 will be compared with the lower and upper limits 
for CHO. The limits are programmed using the “write one 
limit to RAM” or “write all limits to RAM” mode. 

Data Input (Dl) Word— ADC0851 or ADC0858 

r SELECT WATCHDOG MODE 

I _ I 

I 1 I 0 I 0 I 0 C 1 l|cio| C9 I C8 I C7 I C6 I CS I C4 I C3 I C 2 I Cl I CO I 

L_^ I 

CHANNEL CONFIGURATION 

TL/H/11021-23 

1.2 WRITE ONE LIMIT TO RAM 

This mode allows the user to update a single limit for one of 
the input channels. This is accomplished by using a 16-bit 
stream of input data (see “Programming Chart”). The first 
four bits (1 0 0 1) select the mode, the next four bits select 


1.3 WRITE ALL LIMITS TO RAM 

This mode is used to update each pair of lower and upper 
limits for all channels. This is accomplished by a stream of 
input data whose first four bits select the mode of operation 
followed by four bytes of limit data for the ADC0851 and 
sixteen bytes of limit data for the ADC0858. 

The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 

Vlim = Vref (Va L7 + 1/4 L6 + . . . + 1/256 LO) 
where L7 is the MSB. 

Data Input (Dl) Word— ADC0851 or ADC0858 

LIMIT 3 (CHI - UL) ADC0851 

LIMIT 15 (CH7 - UL) ADC0858 j 

I 1 I 1 I 0 I 1 LO I LI I L2 I L3 I L4 I L5 I L6 I L7 I | LO | LI | L2 | L3 | L4 | L5 | L6 | L7 | 

' rS ' 

I LIMIT 0 (CHO-LL) ADC0851 OR ADC0858 

SELECT WRITE ALL LIMITS MODE 

TL/H/11021-25 

1.4 READ ONE LIMIT FROM RAM 

When the ADC0851 /8 is configured in this mode, the user 
can read back an 8-bit limit word from the RAM memory 
location pointed to by the limit address. An 8-bit input word 
selects the mode (101 1 ) and the memory location to be 
read. 

Data Input (Dl)— ADC0851 or ADC0858 

I 1 I 0 I 1 I 1 A3 I A2 I A1 I ^ 


MEMORY ADDRESS (TABLE lA FOR ADC0851, 

TABLE IB FOR ADC0858) 

SELECT READ ONE LIMIT MODE 

TL/H/11021-26 
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1.0 Modes of Operation (Continued) 

1.5 READ ALL LIMITS FROM RAM 

This mode of operation allows the device to serially output 
8-bit limit data from each memory location in succession 
starting with CHO-lower limit (see Section 2.4 under inter- 
face considerations). 

Data Input (Dl) Word— ADC0851 or ADC0858 


^ SELECT READ ALL LIMITS MODE 

TL/H/11021-27 

1.6 INITIATE ONE A/D CONVERSION 

At any time, the user can initiate an A/D conversion on any 
input channel. Note that the input channels may be config- 
ured as single ended or differential inputs. The first four bits 
of the input word select the mode of operation and the next 
four bits assign the multiplexer configuration. 

Data Input (Dl) Word— ADC0851 or ADC0858 


□ 

□ 

JL 

1 . 

Z] 

Z] 


CHANNEL IMFORMATION 

SELECT ONE A/D CONVERSION MODE 

TL/H/1 1021-28 


1.7 INITIATE AUTO A/D CONVERSION 


When configured in this mode, an A/D conversion is done 
on a channel or channel pair and after the output data is 
transmitted, conversion begins on the next subsequent 
channel or channel pair. In this mode the device continually 
scans through the Input channels making A/D conversions 
unless the device’s mode of operation is changed. The first 
four bits of the input word select the mode of operation and 
the next twelve bits assign the multiplexer configuration. 

Data Input (Dl) Word— ADC0851 or ADC0858 


-SELECT AUTO A/D CONVERSION MODE 


n 


EE 

□ 

□ 

C11 

CIO 

C9 

C8 

E] 


> I Cl [ CO I 


- CHANNEL CONFIGURATION 

TL/H/1 1021 -29 


1.8 TEST MODE 

This mode is used to test the ADC0851 /8 at the factory and 
is not intended for normal use. If this mode is accidentally 
selected, the supply voltage must be disconnected and then 
reconnected to reset the device. 

2.0 Conversion Timing vs 
Serial Interface Timing 

Note that the ADC0851 /8 uses two clock signals for proper 
operation. Connecting an external resister (Rext) ^rom the 
OSC pin (pin 2) to Vcc and an external capacitor (Cext) from 


the OSC pin to ground causes the device’s internal oscilla- 
tor to generate the OSC clock signal for A/D conversion 
and watchdog timing. With Rext = 3.16 kn and Cext 
170 pF, the OSC clock frequency is approximately 1 MHz. 
Note that internally, ADC0851/8 divides the OSC clock fre- 
quency by two. An A/D conversion is completed in eighteen 
OSC clock periods maximum. It should be noted that the 
OSC pin of the ADC0851/8 should not be driven by an ex- 
ternal clock. 

An external clock signal is applied to the CLK pin (pin 4) of 
the ADC0851/8. The CLK signal Is used to clock serial data 
either into the data input pin (Dl) or out of the data output 
pin (DO). 

Note that input data is loaded at the rising edge of CLK 
while the output data Is valid at the falling edge of CLK. All 
digital timing such as data set-up and hold times and delays 
are measured with respect to the CLK signal. The OSC 
clock and CLK frequencies need not be the same. 

3.0 Programming Information 

The ADC0851 and ADC0858 communicate data serially 
over the Dl (data input) and DO (data output) lines. The data 
format for the input and output words for various modes of 
operation are shown in the “programming charts.’’ 

There are nine types of data as shown in the “serial com- 
munication bit order’’ table. The order in which data is com- 
municated is MSB first in all but two cases: Limit data and 
A/D conversion data. The various data types are described 
below. 

3.1 LIMIT DATA (LO, LI, . . . L7) 

Limits on the ADC0851/8 are 8 bits in width and can either 
represent an upper or lower boundary limit. Limit data can 
either be written (in the “write one limit” or “write all limits” 
mode) to or read (in the “read one limit” or “read all limits” 
mode) from the limit RAM. Being able to read back the limit 
data allows system testability, and it also allows indepen- 
dent software routines to see what window limits were previ- 
ously written to the chip. During watchdog operation, a pro- 
grammed limit must be crossed in order to cause an inter- 
rupt. 

3.2 A/D CONVERSION DATA (DO, Dl, . . . D7) 

There are two A/D conversion modes (One A/D conversion 
and Auto A/D conversion) that produce 8-bit conversion 
data. During either type of A/D conversion, a single-ended 
analog input or a differential analog input pair is digitized to 
produce this conversion data. 

3.3 LIMIT ADDRESS (A3, A2, . . . AO) 

The limit address points to the location, within the limit 
RAM, to which limit data is sent or from which it Is received. 
Limit address is used in the “write one limit to RAM”, “write 
all limits to RAM”, “read one limit from RAM” or “read all 
limits from RAM” mode. There are two addresses for each 
analog input; the even addresses correspond to the lower 
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3.0 Programming Information 

(Continued) 

limits while the odd addresses correspond to the upper lim- 
its. The ADC0851 and ADC0858 both use four bits (A3 -AO) 
to address the limit RAM but the ADC0851 only decodes 
the two LSBs while ignoring the two MSBs. The ADC0858 
decodes all four bits thus yielding sixteen limit addresses. 

3.4 STATUS AND CHANNEL TAG DATA 

(S3, S2 SO, ADC0851; SIS, S14, . . . , SO, ADC0858) 

(T3, T2 TO) 

During watchdog mode, immediately after one analog input 
is determined to be outside of its programmed window limit, 
its channel number is stored in the channel tag register and 
the remaining inputs are checked one more time and the 
pass/fail status of each input is stored in the status register. 
When the microprocessor receives the interrupt signal, it 
can read the status and channel tag data by pulling CS low 
and clocking out the data. 

3.5 CHANNEL CONFIGURATION DATA 
(Cl 1, CIO,... CO) 

The channel configuration data assigns the configuration of 
the multiplexer. The data is comprised of twelve bits with 
each group of three bits addressing an analog input channel 
pair. Each channel pair can be configured for single-ended 
operation, differential operation, one single ended channel 
and one disabled channel, or both channels disabled. The 
channel configuration data is required when the device Is in 
the watchdog or Auto A/D conversion mode. 

3.6 CHANNEL INFORMATION DATA 
(13, 12, . . . 10) 

This data is used by the ADC0851 /8 only when the device is 
configured in the “One A/D conversion” mode. The chan- 
nel information data assigns the configuration of the multi- 
plexer. 

3.7 MODE ADDRESS (M3, M2, . . . MO) 

The input word (Dl) configures the ADC0851 /8 for various 
modes of operation. The first four bits of the input word 
constitute the mode address which specifies the mode of 
operation. 

3.8 POWER FAIL BIT (P) 

The ADC0851/8 is automatically configured to the watch- 
dog mode upon power-up and an interrupt is immediately 
generated after CS is pulled high. Pulling ^ low produces a 
1 7-bit data stream. The seventeenth bit of the output word 
DO in the watchdog mode is the power fail bit, P. If the 
output data is read after power-up then P will be at logical 
“1”. Changing the mode of operation resets P to logical 
“0”. Any subsequent power failure will cause the device to 
configure in the watchdog mode upon power-up with P at 
logical “1”. 

4.0 Initialization after Power-Up 

The ADC0851 /8 Is automatically configured in the watch- 
dog mode upon power-up. After reading the power fall bit 
CS is pulled high. To exit the watchdog mode and to change 
to a new mode of operation, CS should be high less than 
eight oscillator clock periods for the ADC0851 and less than 


thirty two oscillator clock periods for the ADC0858 respec- 
tively (see the Timing Diagram, “Read Power Flag after 
Power Up ADC0851/8”). When changing to a new mode of 
operation, the device readies itself to read a new input word 
clocked in at the data input (Dl) pin. The input word config- 
ures the new mode of operation. 

Functional Description 

The simplified block diagram {Figure 1, front page) shows 
the various functional blocks. The ADC0851 and ADC0858 
include 2- and 8-channel analog input multiplexers respec- 
tively. Using the appropriate serial input word at the Data 
Input (Dl) pin, the analog channels can be configured for 
either single-ended operation or differential mode operation. 
The COM input pin provides additional flexibility since the 
COM pin functions as an Inverting differential input common 
to all analog inputs when each channel is configured as a 
single ended channel. Applying an external DC voltage at 
the COM pin allows offsetting the single ended analog input 
voltages from ground (pseudo-differential mode). Input 
channels that are configured as differential pairs will be un- 
affected by the voltage at COM pin. 

The ADC0851 /8 includes an 8-bit DAC, a comparator and 
an 8-blt successive approximation register. An analog-to- 
digital conversion can be initiated at any time on any one of 
the Input channels. The 8-bit digital word corresponding to 
the analog input voltage Is serially clocked out at the Data 
Output (DO) pin. In addition to its use as a multiplexed A/D 
converter, the ADC0851/8 may also be used as a window 
comparator in the watchdog mode. An upper and lower 
boundary limit corresponding to each analog input voltage 
may be stored in an Internal RAM. The RAM consists of 
sixteen memory locations, each 8 bit wide; however, for the 
ADC0851 only four memory locations are used. Limit data 
can either be written into or read back from the RAM. The 
read/write capability allows independent software routines 
to read back previously programmed window limits. Further- 
more, currently programmed limits may also be read back to 
ensure system testability. An address register holds the ad- 
dresses of the RAM’s memory locations where data may 
either be stored or retrieved from. 

When the device is operated In the watchdog mode (as de- 
scribed In the “general overview” section), the analog in- 
puts are continually polled and compared against their re- 
spective window limits. Once an Input signal that has ex- 
ceeded either boundary limit is detected, a “1” is stored in 
the MSB position in a 16-bit status register, indicating a limit 
crossing. Note that the ADC0851 uses only four locations of 
the status register because it has only four limits. In addi- 
tion, the tag register is updated so that the register holds the 
address which indicates the channel and the corresponding 
upper or lower limit that was crossed. After the first limit 
crossing Is detected, the device cycles through the remain- 
ing limits and compares them against their respective input 
signals. If any additional limit crossing is or are detected 
then a “1” Is stored in the appropriate locations of the 
status register. After the completion of this operation, the 
interrupt pin (INT) goes low, providing a flag to a microproc- 
essor. The microprocessor can then cause the serial status 
data to be shifted out by bringing the CS line low. Together 
with the status and tag bits, the microprocessor can deter- 
mine which channel exceeded which limit. If desired the mi- 
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Functional Description (Continued) 

croprocessor can then initiate an A/D cpnversion on any 
channel(s). The ADC0851 includes two additional output 
pins, COMPL and COMPH. During watchdog operation, if 
either of the inputs exceeds its respective window bounds 
then not only is an interrupt generated but a logic low at 
COMPL or COMPH Indicates whether the lower or upper 
boundary was crossed. 

A mode register within the ADC0851 /8 allows the device to 
be used in any one of the eight modes of operation as de- 
scribed In the "general overview” section. 

The features described make the ADC0851/8 ideal for use 
in microprocessor-based automotive, instrumentation and 
control applications. Such applications often require moni- 
toring of various transducer signals and comparison against 
pre-programmed window limits. With its watchdog opera- 
tion, the ADC0851 /8 frees up the microprocessor from hav- 
ing to continually monitor the analog variables; the micro- 
processor is interrupted only when the input signal crosses 
the preset bounds. Furthermore, the window limits can easi- 
ly be changed with simple software control. 

Applications Information 
I. Digital Interface Considerations 

The ADC0851 and ADC0858 communicate data serially 
over the Dl (Data Input) and DO (Data Output) pins. The 
data transfer is synchronous with the external clock (CLK) 
signal and is clocked In or out of the device at the rising 
edge of clock. Note that although the output data is clocked 
out starting at the rising edge of CLK, the data is valid at the 
falling edge of CLK. 

All internal timing in the device is with respect to the oscilla- 
tor clock. The oscillator frequency is set by connecting a 
resistor from the OSC pin (pin 2 for ADC0851 or ADC0858) 
to Vcc and a capacitor from the OSC pin to ground. The 
period of the oscillator clock will determine the A/D conver- 
sion time and chip select (CS) high duration as will be dis- 
cussed in the following sections. 

1.0 Modes of Operation 

To initiate the operation j^the device In any one of the eight 
modes, the chip select (CS) line must go low. After a CS low 
is detected, serial input data at the Dl pin is clocked in start- 
ing at the first rising edge of the serial clock. The first four 
bits of the input word are reserved for specifying the mode 


of operation, with the first bit of the input word always being 
a logic “1”. Table I shows the mode addresses for selecting 
the different modes of operation. 


TABLE I. Modes of Operation 


Mode Address 

Mode 

M3 

M2 

Ml 

MO 

1 

0 

0 

0 

Watchdog 

1 

0 

0 

1 

Write One Limit 

1 

0 

1 

0 

One A/D Conversion 

1 

0 

1 

1 

Read One Limit 

1 

1 

0 

0 

Test (for Factory Use Only) 

1 

1 

0 

1 

Write All Limits 

1 

1 

.1 

0 

Auto A/D Conversion 

1 

1 

1 

1 

Read All Limits 


1.1 POWER FAILURE DETECTION/ 

INITIALIZATION AFTER POWER-UP 

Upon power up, the device is automatically configured In the 
watchdog mode. The status of the power flag bit, P, pro- 
vides power failure indication to the microprocessor. The 
timing diagram of Figure 2 shows the sequence of events. 
First consider the case of initial power up. After power is 
applied, CS should be brought high. Bringing ^ high caus- 
es the INT pin to go low, which signals the microprocessor 
that a failure has occurred. The microprocessor can then 
interrogate the device as to the type of failure by bringing 
CS low. When CS goes low, it resets the INT pin to high and 
the output data is read starting at the first rising edge of 
clock (CLK) after CS has gone low. Since this is the first 
read cycle after power up, the power flag bit, P, is set high 
and appears at the rising edge of the seventeenth clock 
cycle after CS low is detected (Figure 2). After the power 
flag is read by the microprocessor, CS is taken high. Note 
that the duration for which CS remains high (after the power 
flag is read) must be less than eight oscillator clock periods 
for ADC0851 and less than thirty-two oscillator clock peri- 
ods for ADC0858. This is required to interrupt the device 
from watchdog mode so that when CS goes low, the device 
reads a valid data input (Dl) word and configures to a new 
mode. 

During normal operation, the power flag bit is reset to zero 
after the first "read” cycle and will be updated to a “1 ” only 
if a power interruption occurs. 


CS 


CLK 



n n n n n V////////////////A 


TO CHANGE TO A NEW MODE OF 
OPERATION, THIS TIME MUST BE 
SHORTER THAN 8 OSC CLOCK 
PERIODS FOR ADC0851 AND 
SHORTER THAN 32 OSC CLOCK 
PERIODS FOR ADC0858. 


^'-STATE V//////////////////////////A p = . V /////////////////>r - 


'‘CC _J 

TL/H/11021-30 

FIGURE 2. Read Power Flag after 
Power Up ADC085.1/ADC0858 
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2.0 Memory Access Modes 

The ADC0851/8 has an internal RAM with sixteen memory 
locations (one location for the upper limit and one for the 
lower limit for each of the 8 input channels). Each memory 
location is 8 bits wide. An 8-bit limit word representing an 
upper or lower limit boundary can either be written to or read 
from the RAM. The ADC0851 uses only four memory loca- 
tions for the four boundary limits corresponding to the two 
inputs. The eight channel ADC0858, however, makes use of 
all sixteen memory locations. 

Each memory location is accessed by a specific address as 
shown by Table ll(a) and (b). Note that even addresses cor- 
respond to the lower limits while the odd addresses corre- 
spond to the upper limits. The ADC0851 and ADC0858 both 
use 4 bits (A3, ... AO) to address the RAM, however, 
ADC0851 decodes only the two LSBs of the address data 
while Ignoring the two MSBs. 


TABLE lla. RAM Address and 
Limit Data for ADC0851 


RAM Address 

Corresponding 
Channel and Limit 

A3 

A2 

A1 

AO 

X 

X 

0 

0 

CHO- Lower Limit 

X 

X 

0 

1 

CHO- Upper Limit 

X 

X 

1 

0 

CHI -Lower Limit 

X 

X 

1 

1 

CHI -Upper Limit 


Limit Data(ADC0851) 


LO 

LI 

L2 

L3 

L4 

L5 

L6 



TABLE lib. RAM Address and 
Limit Data for ADC0858 


RAM Address 

Corresponding 
Channel and Limit 

A3 

A2 

A1 

AO 

0 

0 

0 

0 

CHO- Lower Limit 

0 

0 

0 

1 

CHO- Upper Limit 

0 

0 

1 

0 

CHI -Lower Limit 

0 

0 

1 

1 

CHI -Upper Limit 

0 

1 

0 

0 

CH2- Lower Limit 

0 

1 

0 

1 

CH2- Upper Limit 

0 

1 

1 

0 

CH3- Lower Limit 

0 

1 

1 

1 

CH3-Upper Limit 

1 

0 

0 

0 

CH4- Lower Limit 

1 

0 

0 

1 

CH4- Upper Limit 

1 

0 

1 

0 

CHS- Lower Limit 

1 

0 

1 

1 

CHS- Upper Limit 

1 

1 

0 

0 

CH6- Lower Limit 

1 

1 

0 

1 

CH6- Upper Limit 

1 

1 

1 

0 

CH7- Lower Limit 

1 

1 

1 

1 

CH7- Upper Limit 


Limit Data (ADC0858) 



L2 

L3 


LS 

L6 

[ID 


2.1 WRITE ONE LIMIT 

This mode is used to update a single memory location in the 
limit RAM. An 8-bit limit word is written to the location point- 
ed to by the limit address. Frorp Table I we can see that to 
Initiate the operation of the device in the “write one limit” 
mode, the mode address has to be 1 0 0 1. The data format 
for the input word is as shown below. 


Data Input (Dl) Word— ADC0851 or ADC0858 



I ^ I ^ I ° I ^ I A3 I A2 I A1 I AO I LO I LI I L2 I L5 I L4 I L5 I L6 I L7^ 


MEMORY ADDRESS (TABLE HA FOR ADC0851, 
TABLE IB FOR ADC0858) 

TL/H/11021-31 
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2.0 Memory Access Modes (Continued) 

Note that the memory address is clocked in with the MSB 
(bit A3) first whereas the limit data is clocked in with the LSB 
(bit LO) first. 

Figure 3 shows the timing diagram for writing one limit. After 
CS is brought low, the input word (Dl^ clocked in starting 
at the first rising edge of CLK. Taking ^ high after the MSB 
(bit L7) of the limit data is loaded completes the write opera- 
tion. 

2.2 WRITE ALL LIMITS MODE 

This mode is used to update all memory locations in the limit 
RAM. An 8-bit limit word is written to each memory location. 
Note that there are four limit words for the ADC0851 and 
sixteen limit words for the ADC0858. To initiate the opera- 
tion of the device in the “write all limits” mode, the mode 
address has to be 1 10 1 (see Table I). The data format for 
the input word Is as shown below. 

Data Input (Dl) Word— ADC0851 or ADC0858 

LIMIT 3 (CHI - UL) A0C085I 

UMIT 15 (CH7 - UL) ADC0858 1 

f— 1— r— 1— r— r— r— I— I— 1— I— I— 1 [ . . ■ 

I 1 I 1 I 0 I 1 I LO I LI I L2 I L3 I L4 I L5 I L6 I L7 I ••• | LO | LI | L2 | L3 | L4 | LS | L6 | L7 | 

' rS ' 

' LIMIT 0 (CHO-LL) ADC0851 OR ADC0858 

MODE 

TL/H/11021-32 


When writing all limits, memory address is not required. The 
limit data is sequentially written into the RAM starting at the 
location for CHO-Lower Limit and ending at; CHI -Upper 
Limit for the ADC0851 (see Table lla), CH7-Upper Limit for 
ADC0858 (see Table lib). Note that LO corresponds to the 
LSB of the limit data. 

Figure 4 shows the timing diagram. After CS is brought low, 
the Input word (Dl) is clocked in starting at the first rising 
edge of CLK. The first four bits of Dl configure the device in 
the “write all limits” mode. Next, the limit data is serially 
clocked In. To complete the operation, CS should be 
brought high after the data is loaded. 

2.3 READ ONE LIMIT MODE 

When the mode address is 1 0 1 1 , the device is configured 
In the “read one limit” mode. One 8-bit limit word can be 
read from the RAM memory location pointed to by the limit 
address. The data format for the input word is as shown 
below. 

Data Input (Dl)— ADC0851 or ADC0858 

I 1 I 0 I 1 I 1 I A3 I A2 I A1 I AO I 

' '■ 

I MEMORY ADDRESS 

(TABLE lA FOR ADC0851, TABLE IB FOR ADC0858) 


CS 

CLK 

Dl 


CS 


Di jy/A ^ I 0 0 1 1 I A3 I A2 I A1 I AO I LO I LI I L2 I L5 I L4 I L5 I L6 I L7 \^///A 


FIGURE 3. Timing Diagram for Write One Limit 


TL/H/11021-34 


1 


J 


mjiJTjnjnjajijnjnjnjnjnjn_-iJi_rijaja^ 



LI I L2 I L3 I L4 I L5 I L6 j L7 1 OOO | LO | Lt | L2 | L3 | L4 | L5 | 
LIMIT 0 LIMIT 3 (ADC0851). LIMIT 15 (ADC0858) 

FIGURE 4. Timing Diagram for Write All Limits 


^ I 

TL/H/11021-35 



1-23 


ADC0851 and ADC0858 



ADC0851 and 


2.0 Memory Access Modes (Continued) 

The address bits access specific memory locations as per Note that no memory address data is required. The limit 

Table 11(a) and (b) for the ADC0851 and ADC0858 respec- data is sequentially transmitted out starting from the memo- 

tively. The address data is clocked in with the MSB (bit A3) ry location for CHO- Lower Limit and ending at; CH1 -Upper 

first. Limit for the ADC0851 (see Table ll(a)), CH7- Upper Limit 

The timing diagram In Figure 5 shows that after ^ goes ADC0858 (see Table ll(b)). 

low, the first four bits of the input word configure the device The timing diagram of Figure 6 shows that the inpi^ata is 

to “read one limit” mode. Next, the address bits select the loaded starting at the first rising edge of CLK after CS goes 

desired memory location. Third clock rising edge after the Third clock rising edge after the last bit of the input data 

address data’s LSB is loaded, the limit data is output with loaded, the limit data is serially transmitted out. Four limit 

the LSB (bit LO) first. words are transmitted for the ADC0851 ; sixteen for the 

ADC0858. Each limit word is output with the LSB (bit LO) 
2.4 READ ALL LIMITS MODE first. Taking CS high after the MSB of the last limit data Is 

With a mode address of 1 1 1 1 , the device Is configured in transmitted completes the operation, 
the “read ail limits mode”. When in this mode, 8-bit limit 
data from each memory location is serially transmitted out. 

The data format for the input word is as follows: 


Data Input (Dl) Word— ADC0851 or ADC0858 



rLnjiJiJi-riJTjnjnjijn-JiJijn_riii^ 



CL" ^n nnnnnnnnnnn»»«nnnnnn nn j~i_r L„^^ 



Liurr 0 LIMIT 3 (A0C0851), LIMIT IS (A0C0B58] 


TL/H/11021-39 

FIGURE 6. Timing Diagram for Read Aii Limits ADC0851/ADC0858 




3.0 Watchdog Mode 

This is the primary real time operating mode. During watch- 
dog operation, the upper and lower limits stored in the RAM 
are applied sequentially to the DAC’s digital inputs. The 
DAC’s analog output is applied to the comparator input and 
compared against the voltage at the enabled analog input 
pin. The data format for the input word is as shown below. 

Data Input (Dl) Word— ADC0851 or ADC0858 

MODE 


0 1 0 1 0 |cii|cio 

EE 

EE 

C7 |C6 

C5 

EE 

EE 

C2 

EE 

CO 


I CHANNEL CONFIGURATION 

TL/H/1 1021-37 

The last twelve bits of the input word assign the multiplexer 
channel configuration. 

3.1 SELECTING THE CHANNEL CONFIGURATION 

When the device is either in the watchdog or automatic A/D 
conversion mode, each pair of analog input channels must 
be programmed to determine which channel(s) will be ac- 
tive, and whether they will be operating single-ended or dif- 
ferentially. Table lll(a) and (b) show the channel addresses 
for the ADC0851 and the ADC0858 in various channel con- 
figurations. When the channels are configured as single- 
ended inputs, the input voltages are measured with respect 
to the voltage at the COM pin. Applying a DC voltage at the 


COM pin will cause the device to measure the difference 
between the input signal and the voltage at the COM pin. 
The voltage at the COM pin has no effect on an input chan- 
nel that is configured as a differential pair. When the chan- 
nel pairs are configured as differential inputs (i.e., CHO- 
CH1, CH2-CH3, etc.) the differential voltage is compared 
with the limits for the lower numbered channel. For exam- 
ple, the differential voltage CH0-CH1 will be compared with 
the limits for CHO. Note that the channel pairs are pro- 
grammed in groups of three bits. The channel address is 
input to the A/D converter with the MSB (bit Cl 1) first. 

The timing diagrams for ADC0851 and ADC0858 watchdog 
operation are shown in Figure 7. After a CS low is detected, 
the input word (Dl) is clocked in starting at the first rising 
edge of the serial clock (CLK). On^ the least significant bit 
of the channel address is loaded, CS should go high. Taking 
CS high after the proper input word is loaded initiates the 
operation of the device in the watchdog mode. To keep the 
device in continuous watchdog mode, CS should remain 
high for eight or more OSC clock periods for the ADC0851 
and thirty-three or more OSC clock periods for the 
ADC0858. If the input signals are within the boundary limits, 
the interrupt pin (INT) remains at logic “1” and the Data 
Ouptut (DO) pin is in TRI-STATE. In addition, in the case of 
the ADC0851, the COMPL and COMPH pins remain at logic 
“ 1 ”. 


TABLE Ilia. Multiplexer Channel Configuration (ADC0851) 

C11 CIO C9 C8 C7 C6 C5 C4 C3 C2 Cl CO 
|x^x^x|x*x*~ x^x^xl PAIR 0*1 


CHANNEL 

ADDRESS 

CHANNEL 

CONFIGUR/ 

JION 

COMMENTS 

C2 

Cl 

CO 

i 

CH1 

COM 


0 

0 

0 

+ 

+ 

- 

BOTH 

SINGLE-ENDED 

1 

0 

0 



- 

CHI ONLY 

0 

1 

0 

+ 


- 

CHO ONLY 

1 

T 

0 

+ 



DIFFERENTIAL 

CH0-CH1 

X 

X 

1 




CHO AND CHI 
DISABLED 
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TABLE lllb. Multiplexer Channel Configuration (ADC0858) 

C11 CIO C9 C8 C7 C6 C5 C4 C3 C2 Cl CO 

1 1 1 1 1 1 1 1 1 1 1 1 . 

PAIR 6,7 I PAIR 4,5 I PAIR 2,3 | PAIR 0,1 P I 


SUBSTITUTE 
CHANNELS 
6 AND 7 INTO 

TABLE t 

SUBSTITUTE 
CHANNELS 
4 AND 5 INTO 

TABLE ▼ 

SUBSTITUTE 

CHANNELS 

X = D0NTCARE 2 AND 3 INTO 

TABLE 


CHANNEL 

ADDRESS 

CHANNEL 

CONFIGUR/ 

TION 

COMMENTS 

C2 

Cl 

CO 

CHO 

i 

COM 


0 

0 

0 

+ 

+ 

- 

BOTH 

SINGLE-ENDED 

1 

0 

0 


+ 

- 

CHI ONLY 

0 

1 

0 

+ 


- 

CHO ONLY 

1 

1 

0 

+ 

- 


DIFFERENTIAL 

CH0-CH1 

X 

X 

1 




CHO AND CHI 
DISABLED 


TL/H/1 1021 -41 
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Watchdog Operation ADC0851 


cue n n n n n n ♦♦♦ 




CLOCK PERIODS IN ORDER TO 
CHANGE TO A NEW MODL 
OTHERWISE, WATCHDOG 
OPERATION REPEATS nWU POINT 


0 0 0 I Ctl I CIO ■•••I Cl I CO 


T5 I T2 I Tt I TO I Cit 


S3 I S2 I SI I SO I— TRI-STATE- 


Watchdog Operation ADC0858 


cut n n n n n n 


C11 I CIO ■••• 



T3 I T2 I T1 I TO I C11 I CIO I ••• | Cl | CO | P | S15 | S14 


FIGURE 7. Timing Diagrams for Watchdog Operation 


3.0 Watchdog Mode (Continued) 




3.0 Watchdog Mode (Continued) 

The device will re^the new input word and configure to a 
different mode if CS is high for less than eight oscillator 
clock periods for the ADC0851 and less than thirty-two os- 
cillator clock periods for the ADC0858. 

Once a boundary limit is crossed, M" goes low. Moreover, 
for ADC0851, COMPL goes low if a lower limit is crossed, 
whereas COMPH goes low if an upper limit is crossed. If the 
input signals exceed both the upper and lower boundary 
limits then both COMPL and COMPH would go low. 

To output data after a limit crossing occurs (i.e., after TnT 
goes low), CS should be brought low. Note that I NT, 
COMPL and COMPH would remain low as long as CS 
doesn’t go low. After CS goes low INT, COMPL and 
COMPH go high and one clock cycle later output data is 
transmitted starting at the first rising edge of CLK, however, 
the data is valid at the falling edge of CLK {Figure 7). 

3.2 LIMIT CROSSING DETECTION 

When the ADC0851/8 is configured in the watchdog mode, 
the device operates as a window comparator. First the low- 
er window limit (stored in the RAM) for CHO is compared 
against the input voltage at CHO. If the input voltage Is 
greater than the lower limit, then no interrupt is generated. 
Next the upper window limit for CHO is compared against 
CHO input voltage. If the Input voltage is less than the upper 
window limit then no interrupt is generated for CHO and the 
device starts a similar comparison cycle for the next chan- 
nel (CH1). Note that the lower limit can be greater than the 
upper limit; in this case the device will flag the microproces- 
sor if the input signal falls inside a window. 


TABLE IVa. Channel Tag Address 
and Status (ADC0851) 


Tag 

# 

Tag Address 

Corresponding Limit 
and Channel 

T3 

T2 

T1 

TO 

0 

0 

0 

0 

0 

Lower Limit— CHO 

1 

0 

0 

0 

1 

Upper Limit— CHO 

2 

0 

0 

1 

0 

Lower Limit — CHI 

3 

0 

0 

1 

1 

Upper Limit— CHI 


POWER FAIL (P) 


REMAINING 3 BITS REFLECT 
RESULTS OF SUCCEEDING TESTS 


I FIRST FAILED LIMIT 

(ADDRESS OF LIMIT IN CHANNEL TAG REGISTER) 


p 

FAIL (?) 

0 

NO 

1 

YES 


STATUS 


S3 

S2 


SO 
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TABLE IVb. Channel Tag Address 
and Status (ADC0858) 


Tag 

# 

Tag Address 

Corresponding Limit 
and Channel 

T3 

T2 

T1 

TO 

0 

0 

0 

0 

0 

Lower Limit — CHO 

1 

0 

0 

0 

1 

Upper Limit — CHO 

2 

0 

0 

1 

0 

Lower Limit — CH1 

3 

0 

0 

1 

1 

Upper Limit— CHI 

4 

0 

1 

0 

0 

Lower Limit— CH2 

6 

0 

1 

0 

1 

Upper Limit— CH2 

6 

0 

1 

1 

0 

Lower Limit — CH3 

7 

0 

1 

1 

1 

Upper Limit— CH3 

8 

1 

0 

0 

0 

Lower Limit — CH4 

9 

1 

0 

0 

1 

Upper Limit— CH4 

10 

1 

0 

1 

0 

Lower Limit— CH5 

11 

1 

0 

1 

1 

Upper Limit— CHS 

12 

1 

1 

0 

0 

Lower Limit— CH6 

13 

1 

1 

0 

1 

Upper Limit— CH6 

14 

1 

1 

1 

0 

Lower Limit — CH7 

15 

1 

1 

1 

1 

Upper Limit— CH7 


STATUS 


S15|S14lS13lS12lS1 lISIO S9 I S8 S7 I S6 I S5 S4 I S3 I S2 I SI SO 


POWER FAIL (P) 


REMAINING 15 BITS REFLECT 
RESULTS OF SUCCEEDING TESTS 


I FIRST FAILED LIMIT 

(ADDRESS OF LIMIT IN CHANNEL TAG REGISTER) 


p 

FAIL (?) 

0 

NO 

1 

YES 
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Each comparison takes 2 jlis; thus a total of 4 juts is required 
per channel. 

When in watchdog mode, the device will continuously cycle 
through the input channels until an input that has crossed its 
preset window limit is detected. When this occurs, a logical 
“1” is stored in the MSB (bit S3 for ADC0851 and S15 for 
ADC0858) position of the status register. In addition the tag 
register is updated with the channel’s address (see Tables 
IV(a) and (b) for ADC0851 and ADC0858 respectively). Note 
that the tag address indicates which channel crossed which 
limit. Once the tag register is updated after the first limit is 
crossed, the device will once more cycle through the re- 
maining channels and compare the input voltages against 
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3.0 Watchdog Mode (Continued) 

their respective window limits. A logical “1” will be placed in 
the appropriate location of the status register for each limit 
that is crossed as the device cycles through the remaining 
channels. Note that the tag register is updated only once 
i.e., when the first limit is exceeded. After the last limit com- 
parison is made subsequent to the first limit crossing, the 
device will cease any further limit comparisons and will 
cause the interrupt pin to go low. Taking CS low causes the 
data in the status and tag registers to be transmitted along 
with the programmed channel configuration information. In 
addition, an extra bit, P, is inserted between the channel 
and status Information. This bit is updated to a logic “1” in 
case of a power interruption. 

The format for the output data is as shown below. 

Data Output (DO) Word— ADC0851 


- CHANNEL CONFIGURATION 

n 


Mzi 

T1 I TO 

cii|cio| eg 

C8 I ••• 


CO I P 

(/) 

O 

1— 1 POWER INTERRUPT 1 1 1 ^ 


TL/H/11021- 

Data Output (DO) Word— ADC0858 

I CHANNEL CONFIGURATION 



T2 I T1 I TO |C11 

C10|C9 |C8 1 

r— I POWER INTE 


J L 
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The order in which data is transmitted is as follows 
(ADC0851 or ADC0858): 

• Tags (4 bits)— MSB (T3) first 

• Channel configuration (12 bits) — MSB (C11) first 

• Power interrupt (1 bit) 

• Status (4 bits for ADC0851, 16 bits for ADC0858)— MSB 
(S3/S15) first 

It is Important to note that any channel that is disabled will 
not cause an interrupt. Furthermore, when operated In the 
differential mode, the arithmetic difference of the two volt- 
ages will be compared with the lower and upper limits for 
the lower numbered channel. For example, with CHO and 
CHI operating as a differential input pair; the CHO limits will 
apply. 

Consider an example where the lower limit of CHI is 
crossed first and while the remaining limits are being 
checked, the upper limit of CHO is crossed. Figure 6 Illus- 
trates the sequence of events for the ADC0851. During 
watchdog operation, CHO’s lower limit stored in the RAM is 
compared against the input voltage at CHO. Since no limit 
crossing is detected, the upper limit is compared against 
CHO Input voltage. Again no limit crossing is detected and 
so CHI ’s lower limit is next compared against the CH1 Input 
voltage. This time a limit crossing is detected and a logic 
“1” is now stored in the MSB (S3) position of the status 
register (see Table IV(a)). Also the Tag register is updated 
with the corresponding address (0 0 10) from Table IV(a). 
The device now cycles through the remaining channels 
once more. Since no limit crossing is detected for the upper 
limit of CHI, a logic “0” is stored for S2 of the status regis- 
ter. Similarly a logic “0” is stored for SI of the status regis- 
ter. Finally to complete the cycle, the last limit (upper limit of 
CHO) is checked and a limit crossing is detected. Conse- 
quently, a logic “1” is stored for SO. Note that the Tag regis- 


ter is only updated once when the first limit crossing is de- 
tected thus indicating which channel first exceeded its lower 
or upper limit. 


CHO-LLO CH1-LL1 CHO-LLO 


COMPARE ^ CHO-ULO 

1 J 

CH1-UL1 _ CHO-ULO > 

; ; 



1 1 1 

1 1 

' '1 " I "1"' LOWER LIMIT (LLO) 

1 1 1 

I I 1 

1 1 . 1 , 

III 

ViN : ; 

CHI 

1 1 I UPPER LIMIT (UL1) 

1 . 



FIRST LIMIT CROSSING L- SUBSEQUENT LIMIT CROSSING 
DETECTED DETECTED DURING CYCLE THROUGH 


INT I 
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(Example: Lower limit of CH1 is crossed first. During cycle through, upper 
limit of CHO is crossed) 

FIGURE 8. Example of Limit Crossing 
Detection (ADC0851) 

Assuming that there is no power interruption and that the 
ADC0851 was configured for single ended operation, the 
output word for our example would be: 

(Example of ADC0851 Data Output. Single ended input. 
Lower limit of CHI fails first. During cycle through, upper 
limit— CHO failure is detected). 


T3 T2 T1 TO Cl 1 CIO C9 C8 C7 Cl CO P S3 S2 SI SO 

X = Don’t care, whatever bit was initially programmed (ADC0851 only). 


The ADC0858 operates similar to the ADC0851 except that 
the ADC0858 has a 16-bit status word for the sixteen limits 
and sixteen tag addresses (See Table IV(b)). The output 
word transmitted to the microprocessor not only contains 
information as to how the channels are configured but also 
which input crossed which limit. If desired, the microproces- 
sor can go through a status bit normalization routine to nor- 
malize the status information with the tag number as will be 
discussed next. 


3.3 STATUS BIT NORMALIZATION 

Figure 9 shows the procedure for normalizing the status in- 
formation. Let’s consider the example cited earlier for the 
ADC0851. In our example, the lower limit of CHI was 
crossed first and during cycle-through, upper limit— CHO 
crossing was detected. The serial status data is thus 10 0 1 
and the tag data 0 0 10 corresponds to tag #2 (see Table 
IVa). Since the most significant bit (S3) of the status data is 
transmitted first, the data stored in the microprocessor's 
memory is 1 0 0 1. The microprocessor next computes the 
tag number from the tag data and rotates the status bits left 
“TAG” places as In Figure 9. For our example, the status 
bits are rotated by shifting left 2 places. The status informa- 
tion in the microprocessor’s memory is now normalized i.e., 
UO corresponds to tag 0, U1 corresponds to tag 1 and so 
on. From the example in Figure 9 can see that the status 
register in the microprocessor’s memory shows that tag 2 
and tag 1 failed. The ADC0858 uses a 16-bit status word 
and operates similar to the ADC0851. An example shown in 
Figure 9 for the ADC0858 demonstrates how status bit nor- 
malization is carried out. 
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3.0 Watchdog Mode (Continued) 


S3 so 


ORIGINAL SERIAL I 
STATUS DATA 

LH 

0 

□ 


2 

L 

3 

0 1 

— TAG 


U3 



UO 

DATA IN MICROPROCESSOR I 
MEMORY 1 

□ 

E 

FT] 


1 0 

TAG — 

3 

2 

_f 

ROTATE STATUS LEFT I 

"TAG" PUCES 


□ 


L 

— 

— 

_f 


U3 



UO 

RNAL NORMALIZED I 

STATUS INFORMATION | 

E 

□ 

□ 

El 


TAG — ► 3 2 1 0 

(EXAMPLE: TAG 2 AND TAG 1 FAILED) 


r.|7i7|.r/r;i;Tn/|;FivTn^]n^ 


9 10 11 12 13 U 15 0 1 


U15 UO 


1 1 1 1 0 1 1 1 Q 1 1 1 1 'MM 'Ml' 

0n 

6 5 4 3 2 1 0 15 14 13 12 11 10 9 

TAG — 

8 7 


1 Ml 11 1 1 1 1 1 1 II 1 1 1 

1 t 

U15 

UO 

o 

o 

EEI 


TAG 


FIGURE 9. Status Bit Normalization 
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4.0 A/D Conversion Modes 

The ADC0851/8 can be used in two A/D conversion 
modes. In “One A/D conversion” mode, the device oper- 
ates as a multiplexed A/D converter and a conversion may 
be initiated on any channel or channel pair configured in the 
differential mode. In the “Automatic A/D conversion” mode, 
an A/D conversion is done on a channel or channel pair and 
after the output data is transmitted, conversion begins on 
the next subsequent channel or channel pair. This process 
will continue unless the device’s mode of operation is 
changed. 

Note that the A/D conversion time is determined by the 
oscillator clock period and has no relation with the digital 
clock signal, CLK. The oscillator clock’s frequency is set by 
connecting a resistor from the OSC pin (pin 2 for ADC0851 
or ADC0858) to Vcc and a capacitor from the OSC pin to 
ground. The conversion time of the A/D converter is eigh- 
teen OSC clock periods maximum. Assuming that the oscil- 
lation clock frequency is set at 1 MHz (with Rgxt = 3.16 kft 
and Cext = 170 pF) then the conversion time would be 
18 juts maximum. 

4.1 ONE A/D CONVERSION MODE 

This mode is used to initiate one A/D conversion on a single 
channel or channel pair configured in the differential mode. 
The necessary mode address as per Table I is 1 0 1 0. The 
format for the input word is as follows: 

Data Input (Dl) word— ADC0851 or ADC0858. 


The 4-bit data following the mode address is the channel 
information address. These four bits assign the MUX config- 
uration for the single A/D conversion. The channel Informa- 
tion addresses and the corresonding MUX configurations 
are shown in Table V(a) and (b) for ADC0851 and ADC0858 
respectively. Note that the ADC0851 only decodes the two 
LSBs of the channel information data while ignoring the two 
MSBs (13 and 12). When a channel pair is configured in the 
differential mode, it is important to note that the arithmetic 
difference of the channel voltages should not be negative. 
Negative difference voltage would result in all zeroes at the 
output. 


TABLE V(a). Channel information for 
One A/D Conversion (ADC0851) 


Channel Information | 

Channels Enabled 

13 

12 

11 

10 

X 

X 

0 

0 

CHO 

X 

X 

0 

1 

CH0-CH1 

X 

X 

1 

0 

CHI 

X 

X 

1 

1 

Invalid 


1 1 0 M M 1 1 

EE 

1 1 


I 


i: 


CHANNEL INFORMATION 


(Table V(a) for ADC0851, Table V(b) for ADC0858) 
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4.0 A/D Conversion Modes (Continued) 


TABLE V(b). Channel Information 
for One A/D Conversion (ADC0858) 


Channel Information 

Channels Enabled 

13 

12 

11 

10 

0 

0 

0 

0 

CHO 

0 

0 

0 , 

1 

CH0-CH1 

0 

0 

1 

0 

CHI 

0 

0 

1 

1 

Invalid 

0 

1 

0 

0 

CH2 

0 

1 

0 

1 

CH2-CH3 

0 

1 

1 

0 

CH3 

0 

1 

1 

1 

Invalid 

1 

0 

0 

0 

CH4 

1 

0 

0 

1 

CH4-CH5 

1 

0 

1 

0 

CHS 

1 

0 

1 

1 

Invalid 

1 

1 

0 

0 

CH6 

1 

1 

0 

1 

CH6-CH7 

1 

1 

1 

0 

CH7 

1 

1 

1 

1 

Invalid 


The timing diagram for one A/D conversion is shown In Fig- 
ure 10. After ^ goes low, the input word (Dij is clocked in 
starting at the first rising edge of the digital clock signal, 
CLK. The first four bits of the input word configure the de- 
vice for “one A/D conversion” mode while the following 
four bits (channel information address) assign the configura- 
tion of the MUX as per Table V(a) and (b) for the ADC0851 
and the ADC0858 respectively. Any input data following tjie 
channel information address Is ignored until the device’s 
mode of operation is changed. 

Taking ^ high after the last bit of the channel information 
address loads the input word. Had CS been kept low longer, 
the following bits of the input word would have been ig- 
nored. The device takes one to, two OSC clock periods after 
CS goes high to initiate the start of A/D conversion. The 
EOC output goes low, thus signalling the start of the conver- 
sion process. After a maximum of eighteen OSC clock peri- 
ods, conversion is completed and EOC output goes high, 
thus signalling the end of conversion. The output data is 
now available and will be transmitted only if ^ is brought 
low. The output data is transmitted starting at the first rising 
edge of CLK after CS goes low. 


The format for the output word is as shown below. 

Data Output (DO)— ADC0851 or ADC0858 

CHANNEL INFORMATION — 


DO 

. 1 . 

— 

D3 

— 

D5 

— 

— 

JL 

JL 

QD 

3 


' A/D DATA 
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The first eight bits of the output word represent the digital 
equivalent of the input voltage. Bits I3 through lO provide the 
channel configuration information as per Table V(a) and (b) 
for ADC0851 and ADC0858 respectively. Note that this in- 
formation is the same as the channel information in the in- 
put word. The order in which the output data is transmitted 
is as follows: 

• Data — LSB (DO) first 

• Channel information — MSB (I3) first 

Note that the output will be TRI-STATE if ^ remains low 
after lO is transmitted. Taking CS high after the output data 
is transmitted causes the device to initiate the start of the 
next A/D conversion on the same input while ignoring the 
data input word (Dl). If the duration for which CS is high is 
less than seventeen OSC clock periods, the conversion pro- 
cess will be interrupted and the device will look for the mode 
address at the falling edge of CS so as to configure to a new 
mode of operation. However, if ^ is high for eighteen or 
more OSC clock periods then the conversion operation will 
continue from point A on the timing diagram (Figure 10). 

To ensure repetitive A/D conversion on the same input, CS 
going low should be synchronized with EOC going high. 
Thus after EOC goes high, the conversion is completed and 
CS can go low to transmit the output data. Meanwhile, If CS 
goes low while EOC Is low then the conversion process is 
interrupted and the device is readied for a new mode of 
operation. 

4.2 AUTO A/D CONVERSION MODE 

When used in this mode, the ADC0851 /8 offers added flexi- 
bility that many multiplexed A/D converters don’t. In the 
auto A/D conversion mode, the ADC0851 /8 scans through 
the selected input channels, performing A/D conversion on 
each channel without the need for reloading a new data 
input word each time. From Table I, the mode address for 
the “Auto A/D Conversion” mode is 1 110. 

The format for the input word is as follows: 


Data Input (Dl) Word— ADC0851 or ADC0858 

I MODE 


□ 

□ 

□ 

□ 

cn 

CIO 

C9 

C8 

C7 1 C6 

C5 

E 

C3 

C2 

R 

CO 


- CHANNEL CONFIGURATION 
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4.0 A/D Conversion Modes (Continued) 

The 12-bit channel address following the mode address as- 
signs the MUX configuration as per Table lll(a) and (b) for 
ADC0851 and ADC0858 respectively. Note that the 
ADC0851 only decodes the three LSBs (CO, Cl and C2) of 
the channel address. 

The timing diagram for “Auto A/D Conversion” mode is 
shown in Figure 1 1. The input word is loaded starting at the 
first rising edge of the CLK after CS goes low. The first four 
bits configure the device for the “Auto A/D Conversion” 
mode while the 12-bit channel address assigns the configu- 
ration of each channel pair. If CS remains low after CO is 
loaded then any subsequent input data is ignored. Taking 
^ high after the input word is loaded initiates the start of 
A/D conversion. A/D conversion starts one to two OSC 
clock periods after CS goes high. The EOC output goes low 
to signal the start of an A/D conversion. The conversion 
time may range from 17 jus to 74 /uts depending on how 


the channel pairs are configured. The EOC output goes high 
at the end of conversion thus signalling that the result of the 
A/D conversion can now be retrieved. The output data will 
be transmitted only if CS goes low and is transmitted start- 
ing at the first rising edge of CLK signal after CS goes low. 
The format for the output word is as follows: 


Data Output (DO)— ADC0851 or ADC0858 
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4.0 A/D Conversion Modes (Continued) 

The first eight bits of the output word represents the digital 
equivalent of the analog input voltage. Status bits 13 through 
10 provide the channel configuration information as per Ta- 
ble V(a) and (b) for ADC0851 and ADC0858 respectively. 
Keeping CS low after lO is transmitted causes the output to 
be TRI-STATE. Once the output data is transmitted, CS may 
go high to initiate the start of the next A/D conversion. The 
subsequent A/D conversion starts on the next channel pair 
that is configured as per the initially loaded input word (Fig- 
ure 1 1). Any data on the data input (Dl) line is ignored. Note 
that if the duration for which CS is high is less than seven- 
teen OSC clock periods then the conversion process would 
be interrupted and the device would look for the mode ad- 
dress at the falling edge of CS so that a new mode of opera- 
tion can be configured. 

To ensure proper operation in the “Auto A/D Conversion” 
mode, CS going low should be synchronized with EOC go- 
ing high. Thus after EOC goes high, the conversion is com- 
pleted and CS can go low to transmit the output data. After 
the output data is transmitted, ^ should go high to initiate 
automatic A/D conversion on the next channel pair and re- 
main high until the conversion is completed and EOC goes 
high. Meanwhile, if ^ goes low while EOC is low then the 
conversion process is interrupted and the device is readied 
for a new mode of operation. 

5.0 Test Mode 

A mode address of 1 10 0 configures the device in the test 
mode. This mode is used to test the internal operation of the 
device at the factory and is not recommended for normal 
use. If the device is accidentally configured in the test mode 
then the power supply must be disconnected and recon- 
nected again to reset the device. 

6.0 Bidirectional I/O 

If the microprocessor has bidirectional Input/Output capa- 
bility then ADC0851/8’s input and output pins can be tied 
together and a single wire can be used to serially input data 
to or output data from ADC0851/8. This capability is made 
possible because when the input word is clocked in, the 
output pin is in TRI-STATE and when the output word is 
clocked out, the data at the input pin is ignored. 

II. Analog Considerations 

1.0 A/D Conversion Time 

The A/D conversion time is a function of the OSC clock 
frequency. The oscillator frequency is set by connecting an 
external resistor, Rext ^rom the ADC0851/8’s OSC pin to 
Vcc and an external capacitor, Cext from the OSC pin to 
ground. With Rext = 3.16 kH and Cext = 170 pF, the OSC 
frequency is 1 MHz at Vcc = 4.5V and 1.05 MHz at Vcc = 
5.5V. 

The OSC frequency will vary as the ambient temperature 
varies, this is shown by the Typical Performance Character- 
istics curve, “OSC Frequency vs Temperature”. For a speci- 
fied external resistor, the OSC frequency can be changed 
by varying the external capacitor as is shown by the Typical 
Performance Characteristics curve, “OSC Frequency vs 
Rext and Cext”- Note that the OSC pin of the ADC0851 /8 
should not be driven by an external clock as this might 


cause improper operation. The A/D converter’s conversion 
time is a minimum of seventeen OSC clock periods and a 
maximum of eighteen. Figure 12 shows a typical connection 
for the ADC0851 and ADC0858. 

2.0 The Reference 

The magnitude of the reference voltage (Vref) applied to 
the A/D converter determines the analog input voltage span 
(i.e., the difference between V|N(max) and V|N(Min)) over 
which the 256 possible output codes apply. The reference 
voltage source connected to the Vref P'n of ADC0851/8 
must be capable of driving a minimum load of 4 kfl. 

The ADC0851 /8 can be used in either ratiometric applica- 
tions or in systems requiring absolute accuracy. In a ratio- 
metric system, the analog input voltage is proportional to 
the voltage used for the A/D’s reference. This voltage is 
usually the system power supply, so the Vref pin can be 
tied to Vcc- 

For absolute accuracy, where the analog Input varies be- 
tween very specific voltage limits, the reference pin must be 
conhected to a voltage source that is stable over time and 
temperature. The LM385 and LM336 micropower refer- 
ences are good low current devices for use with these A/D 
converters. 

The maximum value of the reference voltage is limited by 
the A/D converter’s power supply voltage, Vcc- The mini- 
mum value, however, can be as low as IV while maintaining 
a typical Integral Linearity of + 1 LSB (see Typical Perform- 
ance Characteristics curve, “Linearity Error vs Reference 
voltage”). This allows direct conversion of transducer out- 
puts that provide less than a 5V output span. Due to the 
increased sensitivity of the A/D converter at low reference 
voltages (e.g., 1 LSB = 3.9 mV for a IV full scale range), 
care must be exercised with regard to noise pickup, circuit 
layout, and system error voltage sources. 

3.0 The Analog Inputs 

3.1 REDUCING COMMON MODE ERROR 

Rejection of common mode noise can be achieved by con- 
figuring the ADC0851/8’s inputs in the differential mode 
since the offending common mode signal is common to 
both the selected “ + ” and inputs. The time interval 
between sampling the “ + ” input and the input is one 
oscillator clock period. A change In the common-mode volt- 
age during this short time interval can cause conversion er- 
rors. For a sinusoidal common-mode signal this error is: 

Verror(Max) = VpEAK(27rfcM) (1 /bsc) 
where fcM is the frequency of the common-mode signal, 
VpEAK is the signal’s peak voltage and fosc 's the A/D 
converter’s OSC clock frequency. 

For a 60 Hz common-mode signal to generate a % LSB 
error (~ 5 mV for a 5V full scale range) with the converter 
running at fosc = 250 kHz, its peak voltage would have to 
be 3.3V. 

3.2 SOURCE RESISTANCE 

For a source resistance under 2 kn, the ADC0851 /8’s total 
unadjusted error is typically ±0.2 LSB at Vref = 4.75V and 
tosc ^ 1 MHz (see Typical Performance Characteristics 
curves, “Total Unadjusted Error vs Source Impedance”). 
One source of error is the multiplexer’s leakage current of 
3 ju,A which contributes a 3 mV drop across a 1 kfl source 
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3.0 The Analog Inputs (Continued) 

resistance. Another source of error is the sampling nature of 
the A/D converter. Short spikes of current enter the “ + ” 
input and exit the ” input at the rising and falling tran- 
sition of the OSC clock . These currents decay rapidly and 
generally do not cause errors since the internal comparator 
is strobed at the end of a clock period. If large source resist- 
ances are used however, then the transients caused by the 
current spikes may not settle completely before conversion 
begins. If a capacitor is used at the input of the A/D convert- 
er for input filtering then the input signal source resistance 
should be kept at 1 kft or less. 

3.3 ANALOG INPUT PROTECTION 

Often the analog inputs of A/D converters are driven from 
voltage sources that can swing higher than Vcc or lower 
than GND. Analog inputs often come from op amps which 
use + 1 5V supplies. While during normal operation the input 
voltages stay within the 0V-5V A/D converter supply volt- 
age range, at power up the input voltage may actually rise 
above or fall below the A/D converter’s supply voltages. If 
the input voltage to any A/D converter input pin does fall 
outside the supply voltage by more than 0.3V (worst case) 
and the input draws more than 5 mA then there is a good 
possibility that the converter may latch up and provide a low 
impedahce short between Vcc and GND. 

Figure 13 shows the overvoltage protection circuit for the 
analog input. If, for instance, the amplifier’s output saturates 
to its positive supply rail, then the junction of R1 and R2 
would be clamped to Vcc plus a diode drop. Resistor R1 
limits the op amp’s output current and R2 limits the current 
flowing into the input of the A/D converter. Likewise, the 
junction of R1 and R2 would be clamped to a diode drop 
below ground if the op amp’s output saturates to the nega- 
tive rail. 

4.0 Zero Scale and Full Scale 
Adjustment 

4.1 ZERO SCALE ERROR 

The zero scale error of the A/D converter does hot require 
adjustment. If the minimum analog input voltage value, 
V|N(Min). Is not at ground potential then a zero offset can be 
done. The converter can be made to output 0000 0000 digi- 
tal code for this minimum input voltage by biasing the V|n(-) 

Typical Applications 


input of a differential input pair at this V|N(Min) value. This 
utilizes the differential mode operation of the A/D converter. 
The zero scale error of the A/D converter relates to the 
location of the first riser of the transfer function and can be 
measured by grounding the V|n(-) input and applying a 
small magnitude positive voltage to the V|n(+) input. Zero 
error is the difference between the actual DC input voltage 
(the ideal Vz LSB value, Vz LSB = 9.8 mV for Vref = 5.000 
Vdc) and the applied input voltage that causes an output 
digital code transition from 0000 0000 to 0000 0001. 

4.2 FULL SCALE ADJUSTMENT 

The full-scale adjustment can be made by applying an input 
voltage that is 1.5 LSB less than the desired analog full- 
scale voltage and then adjusting the magnitude of the Vref 
input voltage for a digital output code that just changes from 
1111 moto 1111 1111. 

4.3 ADJUSTING FOR AN ARBITRARY 
ANALOG INPUT VOLTAGE RANGE 

Analog input voltages that span from a positive non-zero 
minimum value can easily be accommodated by the 
ADC0851/8. In this case, the A/D converter is used in the 
differential mode and a reference voltage equal to V|N(Min) 
is applied to the V|n(_) input. Normally zero scale adjust- 
ment Is not required because the zero scale error Is very 
small. However, if zero scale adjustment is desired then a 
voltage equal to V|N(Min) Plus ^z LSB (where 1 LSB = Input 
voltage span/256) should be applied to V|n(+) and the ref- 
erence voltage at V|fv|(-) should be adjusted such that the 
output code just changes from 0000 0000 to 0000 0001 . 
Once the proper reference voltage is applied to the V|n(_) 
input then full scale adjustment can be made. Full scale 
adjustment is made by first applying a voltage to the V|N(+) 
input that is 1 .5 LSB less than V|N(Max) I-©-; 

V|N( + ) FS ADJ = VMax “ 1-5 [(Viviax “ VMin)/256] 
where, VMax = the high end of the analog input voltage 
range 

VMin = the low end of the analog input voltage 
range 

The reference voltage, Vref applied to the reference input 
pin of the A/D converter is adjusted so that the output code 
just changes from 1111 1 1 1 0 to 1 1 1 1 1111. This completes 
the adjustment procedure. 
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FIGURE 13. Over Voltage Protection of the Analog Inputs 


ADC0851 

Single Ended Pseudo-Differential Differential 
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FIGURE 14. Analog Input Multiplexer Options for ADC0851 


ADC0858 

Single Ended Pseudo-Differential Differential Mixed Mode 
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FIGURE 15. Analog Input Multiplexer Options for ADC0858 
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FIGURE 16. Adaptive Instrumentation Control 
(Ratiometric Operation) with Over Range Flag 



with Over Range Flag 




FIGURE 18. Absolute Input with 2.5V Input Voltage Span 


TL/H/11021-67 

FIGURE 19. Single Channel Ratiometric Operation 
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National Semiconductor 


LM12434/LM12{L)438 12-Bit + Sign Data Acquisition 
System with Seriai I/O and Self-Calibration 


General Description 

The LM12434 and LM12{Ll438 are highly integrated Data 
Acquisition Systems. Operating on 3V to 5V, they combine a 
fully-differential self-calibrating (correcting linearity and zero 
errors) 13-bit (12-bit + sign) analog-tO’digital converter 
(ADC) and sample-and-hold (S/H) with extensive analog 
and digital functionality. Up to 32 consecutive conversions, 
using two’s complement format, can be stored in an internal 
32-word (16-bit wide) FIFO data buffer. An internal 8-word 
instruction RAM can store the conversion sequence for up 
to eight acquisitions through the LM12[Ll438’s eight-input 
multiplexer. The LM 12434 has a four-channel multiplexer, a 
differential multiplexer output, and a differential S/H input. 
The LM 12434 and LM12{L]438 can also operate with 8-bit 
+ sign resolution and in a supervisory “watchdog” mode 
that compares an input signal against two programmable 
limits. 

Acquisition times and conversion rates are programmable 
through the use of Internal clock-driven timers. The differen- 
tial reference voltage inputs can be externally driven for ab- 
solute or ratiometric operation. 

All registers, RAM, and FIFO are directly accessible through 
the high speed and flexible serial I/O interface bus. The 
serial Interface bus Is user selectable to interface with the 
following protocols with zero glue logic: MICROWIRE/ 
PLUSTM, Motorola’s SPI/QSPI, Hitachi’s SCI, 8051 Family’s 
Serial Port (Mode 0), I^C and the TMS320 Family’s Serial 
Port. 

An evaluation kit for demonstrating the LM 12434 and 
LM12(Ll438 is available. 


Key Specifications 

fCLK = 8 MHz (L, fcLK = 6 MHz) 


12-bit + sign or 8-bit + sign 

5.5 jLts (7.3 jLLs) (max) 

2.6 jLis (3.5 jLtsj (max) 


Resolution 

13-bit conversion time 
9-blt conversion time 
13-bit Through-put rate 

140k samples/s {105k sample/s 1 (min) 
Comparison time (“watchdog” mode) 

1.4 JUS (1.8 jas) (max) 
10 MHz (6 MHzl (max) 
± 1 LSB (max) 
GND to Va+ 
45 mW (20 mW) (max) 


Serial Clock 
Integral Linearity Error 
V|N range 
Power dissipation 
Stand-by mode 
power dissipation 
Supply voltage LM12L438 
LM 12434/8 


25 julW (16.5 jaWl (typ) 
3.3V ±10% 
5V ±10% 


Features 

■ Three operating modes: 12-bit + sign, 8-bit + sign, 
and “watchdog” comparison mode 

■ Single-ended or differential inputs 

■ Built-In Sample-and-Hold 

■ Instruction RAM and event sequencer 

■ 8-channel (LM12{Ll438) or 4-channel (LM12434) 
multiplexer 

■ 32-word conversion FIFO 

■ Programmable acquisition times and conversion rates 

■ Self-calibration and diagnostic mode 

■ Power down output for system power management 

■ Read while convert capability for maximum through-put 
rate 


Applications 

B Data Logging 
B Portable Instrumentation 
B Process Control 
B Energy Management 
B Robotics 


Connection Diagrams 

28-Pin PLCC Package 


.1..L l..i. Ill, 


IN3 - 

IM4 (MUXOUT-)* — 

IN5 (MUX0UT+)' — 

INS (S/H IN-)* - 
IN7 (S/H IN+)* — 

+ — 10 


25 INI 
24 U CLK 


LM1Z(L)438 
(LM12434)* 



TL/H/1 1879-1 

*Pin names in ( ) apply to the LM12434 

Order Number LM12434CIV, LM12438CIV, or 
LM12L438CIV 

See NS Package Number V28A 


28-Pin Wide Body SO Package 


28|— IK0DESEL2 


STANDBY OUT H 5 


LM12{L}438 ; 
(LM12434)* ; 


IN4 (MUXOUT-)* ■ 
1N5 (MUX0UT+)* ■ 
INS (S/H IN-)* ■ 


•DGND 

■ V 

• AGND 


■ ''REF+ 

•IN7 (S/H IN+)' 


TL/H/1 1879-2 

Order Number LM12434CIWM, LM12438CIWM, or 
LM12L438CIWM 
See NS Package Number M28B 
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1.0 Functional Diagrams 


LM12434 



M0DESEL1 M0DESEL2 PI P2 P3 P4 P5 


TL/H/11 879-3 


INTERFACE 

MODESEL1 

MODESEL2 

PI 

P2 

P3 

P4 

P5 

Standard 

0 

1 

R/F 

CS 

Dl 

DO 

SCLK 

8051 

0 

0 

1* 

r 


RXD 
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1 

0 

SADO 

SADI 

SAD2 

SDA 

SCL 

TMS320 

1 

1 

FSR 

FSX 

DX 

DR 

SCLK 


’Internal pull-up 


Ordering Information (LM 12434) 


Part Number 

Package Type 

NSC Package Number 

Temperature Range 

LM12434CIV 

28-Pin PLCC 

V28A 

-40°Cto+85“C 

LM12434CIWM 

28-Pin Wide Body SO 

M28B 

-40‘’Cto +85“C 
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1.0 Functional Diagrams (Continued) 


LM12{L]438 


(NO ■ 
INI • 
1N2 ■ 
IN3 • 
IN4 ■ 
INS • 
IN6 ■ 
IN7 • 


MULTIPLEXER 

OUT+ 


OUT- 


r 

AGND 
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CLK — 




IN+ 

S/H 

IN- 
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INTERRUPT 


INTERRUPT 


CONTROL 


ENABLE 
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i i 
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TIMER 


DGND 
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32 X 16 
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I 


SERIAL INTERFACE 


t t 1 1 1 1 1 

M0DESEL1 M0DESEL2 PI P2 P3 P4 PS 


1 


TL/H/1 1879-4 


INTERFACE 

M0DESEL1 

M0DESEL2 

PI 

P2 

P3 

P4 

P5 

Standard 

0 

1 

R/F 

CS 

Dl 

DO 

SCLK 

8051 

0 

0 

1* 

1* 

CS 

RXD 

TXD 

|2C 

1 

0 

SADO 

SADI 

SAD2 

SDA 

SCL 

TMS320 

1 

1 

FSR 

FSX 

DX 

DR 

SCLK 


•Internal pull-up 


Ordering Information (LM12|L|438) 


Part Number 

Package Type 

NSC Package Number 

Temperature Range 

LM12438CIV 

LM12L438CIV 

28-Pjn PLCC 

V28A 

-40“Cto +85*0 

LM12438CIWM 

LM12L438CIWM 

28-Pin Wide Body SO 

M28B 

-40*Cto +85*C 

LM12438 Eval 

Evaluation Board and Windows® based software 
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2.0 Electrical Specifications 






2.1 RATINGS 

2.1.1 Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Va + and Vp + ) 6.0V 

Voltage at Input and Output Pins 
except IN0-IN3(LM1 2434) -0.3V to V+ + 0.3V 

and IN0-IN7 (LM12{Ll438) 

Voltage at Analog Inputs IN0-IN3 (LM12434) 
andlN0-IN7(LM12{L)438) GND - 5VtoV+ + 5V 

|Va+-Vd+I 300 mV 

lAGND - DGNDl 300 mV 

Input Current at Any Pin (Note 3) ±5 mA 

Package Input Current (Note 3) ± 20 mA 

Power Dissipation (Ta = 25‘’C) (Note 4) 

V Package 

WM Package 

Storage T emperature - 65°C to + 1 50“C 

Soldering Information, Lead Temperature (Note 19) 

V Package, Vapor Phase (60 seconds) 

Infrared (15 seconds) 

WM Package, Vapor Phase (60 seconds) 

Infrared (15 seconds) 

ESD Susceptibility (Note 5) 1 .5 kV 

2.1.2 Operating Ratings (Notes 1 & 2) 

Temperature Range (T^jn ^ Ta ^ Tmax) 

LM12434CIV/LM12{L1438CIV -40“C ^ Ta ^ 85°C 

LM12434CIWM, LM12{Ll438CIWM -40°C ^ Ta ^ 85°C 
Supply Voltage 

Va+,Vd+ 3.0V to 5.5V 

|Va+-Vd+| ^100 mV 

lAGDND - DGNDl ^100 mV 

Analog Inputs Range GND ^ V|fsj+ ^ Va+ 

Vref+ Input Voltage 1V ^ Vref+ ^ Va"^ 

Vref- Input Voltage OV ^ Vref- ^ Vref+ ~ 1V 

Vref+ “ Vref- iv ^ Vref ^ Va+ 

Vref Common Mode 

Range (Note 16) 0.1 Va+ ^ Vrefcm ^ 0.6 Va + 

2.2 PERFORMANCE CHARACTERISTICS All specifications apply to the LM12434, LM12438, and LM12L438 unless otherwise 
noted. Specifications in braces { ] apply only to the LM12L438. 

2.2.1 Converter Static Characteristics The following specifications apply to the LM12434 and LM12{Ll438 for Va+ = 

Vd+ = 5V (3.3V1, AGND = DGND = OV, Vref+ = 4.096V {2.5Vi, Vref- = OV, 12-bit + sign conversion mode, fcLK = 

8.0 MHz {6 MHz), Rs = 25n, source impedance for Vref+ and Vref- ^ 25n, fully-differential input with fixed 2.048V 
(1.25V1 common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for = 

Tj = Tmiii to TinAxi all other limits Ta = Tj = 25“C. (Notes 6, 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

ILE 

Positive and Negative Integral 

Linearity Error 

After Auto-Cal (Notes 12,17) 

±0.35 

±1 

LSB(max) 

TUE 

Total Unadjusted Error 

After Auto-Cal (Note 1 2) 

±1 


LSB 


Resolution with No Missing Codes 

After Auto-Cal (Note 12) 


13 

Bits 

DNL 

Differential Non-Linearity 

After Auto-Cal 

±0.2 

±1 

LSB (max) 


Zero Error 

After Auto-Cal (Notes 13, 17) 

±0.2 

±1 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Notes 12,17) 

±0.2 

±2 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Notes 12, 17) 

±0.2 

±2 

LSB (max) 


DC Common Mode Error 

(Note 14) 

±2 

±3.5 

l±4.0l 

LSB (max) 

ILE 

8-Bit + Sign and “Watchdog” 

Mode Positive and Negative 

Integral Linearity Error 

(Note 12) 

±0.15 

±1/2 

LSB (max) 

TUE 

8-Bit + Sign and “Watchdog” Mode 
Total Unadjusted Error 

After Auto-Zero 

±1/2 

±1/2 

LSB (max) 


8-Bit + Sign and “Watchdog” Mode 
Resolution with No Missing Codes 



9 

Bits (max) 
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2.0 Electrical Specifications (Continued) 

2.2.1 Converter Static Characteristics The following specifications apply to the LM12434 and LM12{L]438 for Va+ = 
Vd+ = 5V {3.3V1, AGND = DGND = OV, Vref+ = 4.096V {2.5V), Vref- = OV, 12-bit + sign conversion mode, fcLK = 

8.0 MHz {6 MHz), Rs = 25n, source impedance for Vref+ and Vref- ^ 250, fully-differential input with fixed 2.048V 
{ 1 .25V ) common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits appiy for = 
Tj = Tmiii to Tihax; all other limits Ta = Tj =- 25“C. (Notes 6, 7, 8 and 9) (Continued) 


Symbol 


After Auto-Zero 


Typical Limits Units 

(Note 10) (Note 11) (Limit) 

±0.15 ±1/2 LSB(max) 

±0.05 ±1/2 LSB(max) 


I ±0.1 ±1/2 LSB(max) 


8-Bit + Sign and “Watchdog” Mode 
Differential Non-Linearity 

8-Bit + Sign and “Watchdog” Mode 
Zero Error 


8-Bit + Sign and “Watchdog” Positive 
and Negative Full-Scale Error 


Multiplexer Channel-to-Channel 
I Matching 

Non-Inverting 
Input Range 

Inverting 
Input Range 


Differential Input Voltage Range 


/|N+ ~ V|N- Common Mode Input Voltage Range GND V (min) 

2 Va+ V(max) 

^SS Power Supply Zero Error Va+ = Vd+ = 5V ±10%, ±0.05 ±1.0 LSB(max 

Sensitivity Full-Scale Error Vref+ = 4.096V, Vref- = GND ±0.25 ±1.5 LSB (max 

(Note 1 5) Linearity Error ± 0.2 LSB 

IJref Vref + /Vref— I nput Capacitance 85 pF 

Din Selected Multiplexer Channel Input ^ 

Capacitance ^ 

2.2.2 Converter Dynamic Characteristics The following specifications apply only to the LM12434 and LM12438 for Va"*" = 
Vd+ = 5V, AGND = DGND = OV, Vref+ = 4.096V, Vref- = OV, 12-bit + sign conversion mode, fcLK = 8-0 MHz, 
throughput rate = 133.3 kHz, Rs = 25fl, source impedance for Vref+ and Vref- ^ 25(1, fully-differential input with fixed 
2.048V {1.25V) common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply 
for Ta = Tj = Tmiii to Tmax> all other limits Ta = Tj = 25°C. (Notes 6, 7, 8 and 9) 


Conditions 


CLK Duty Cycle 


Conversion Time 


Acquisition Time 
(Programmable) 


Typical 
(Note 10) 

50 


Limits 
(Note 11) 


Units 

(Limit) 

% 

% (min) 
% (max) 


13-Bit Resolution, 

Sequencer State S5 (Figure 10) 

44 (tcLK) 

44 (tcLK) + I'® 

(max) 

9-Bit Resolution, 

Sequencer State S5 (Figure 10) 

21 (tcLK) 

21(tcLK) + 50ns 

(max) 

Sequencer State S7 (Figure 10) 
Minimum for 13-Bits 

9 (tCLK) 

9(tCLK) + 50ns 

fCLK = GLK Period 
(max) 

Maximum for 13-Bits (D = 15) 

39 (tcLK) 

39 (tcLK) + 50 ns 

(max) 

Minimum for 9-Bits (Figure 10) 

2(tcLK) 

2 (tcLK) + 50 ns 

(max) 

Maximum for 9-Bits (D =15) 

2 (tcLK) 

32 (tcLK) + 50 ns 

(max) 
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2.2.2 Converter Dynamic Characteristics The following specifications apply only to the LM 12434 and LM 12438 for Va+ = 

Vd+ = 

= 5V. AGND = DGND = OV, Vref+ 

= 4.096V, Vref- = OV, 12-bit + sign conversion mode, fcLK = 8.0 MHz, 

throughput rate = 133.3 kHz, Rs = 25n, source impedance for Vref+ and Vref- ^ 25fl, fully-differential input with fixed 
2.048V common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = 

1 Tj = Tmin to Tmax; all other limits Ta = T 

j = 25°C. (Notes 6, 7, 8 and 9) (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

tz 

Auto-Zero Time 

Sequencer State S2 (Figure 10) 

76(tcLK) 

76 (tcLK) + 50 ns 

(max) 

tCAL 

Full Calibration Time 

Sequencer State S2 (Figure 10) 

4944 (tcLK) 

4944 (tcLK) + 50 ns 

(max) 


Throughput Rate 

(Note 18) 

142 

140 

kHz 

(min) 

two 

“Watchdog” Mode Comparison Time 

Sequencer States S6, S4, 
and S5 (Figure 10) 

11 (tCLK) 

1 1 (tcLK) + 50 ns 

(max) 

SNR 

Signal-to-Noise Ratio, 

V|N = ±4.096V(Note20) 





Differential Input 

f|N = 1 kHz 

79 


dB 



f|N = 10 kHz 

79 


dB 



flN = 62 kHz 

70 


dB 

SNR 

Signal-to-Noise Ratio, 

V|N = 4.096 Vp.p 





Single-Ended Input 

flN = 1 kHz 

71 


dB 



f|fM = 10 kHz 

71 


dB 



flN = 62 kHz 

67 


dB 

SINAD 

Signal-to-Noise + Distortion Ratio, 

V|N = + 4.096V (Note 20) 





Differential Input 

f|N = 1 kHz 

79 


dB 



flN = 10 kHz 

78 


dB 



flN = 62 kHz 

67 


dB 

SINAD 

Signal-to-Noise + Distortion Ratio, 

V|N = 4.096 Vp.p 





Single-Ended Input 

flN = 1 kHz 

71 


dB 



flN = 10 kHz 

70 


dB 



flN = 62 kHz 

64 


dB 

THD 

Total Harmonic Distortion, 

V|N = ± 4.096V (Note 20) 





Differential Input 

flN = 1 kHz 

-90 


dBc 



flN = 10 kHz 

-85 


dBc 



flN = 62 kHz 

-71 


dBc 

THD 

Total Harmonic Distortion, 

V|N = 4.096 Vp.p 





Distortion, Single-Ended Input 

flN = 1 kHz 

-88 


dBc 



fiN = 10 kHz 

-82 


dBc 



flN = 62 kHz 

-67 


dBc 

ENOB 

Effective Number of Bits, 

V|N = ± 4.096V (Note 20) 





Differential Input 

flN = 1 kHz 

12.6 


Bits 



flN = 10 kHz 

12.2 


Bits 



f|N = 62 kHz 

12.1 


Bits 

ENOB 

Effective Number of Bits, 

V|N = 4.096 Vp.p 





Single-Ended Input 

flN = 1 kHz 

11.3 


Bits 



flN = 10 kHz 

11.2 


Bits 



flN = 62 kHz 

10.8 


Bits 

SFDR 

Spurious Free Dynamic Range, 

V|N = ± 4.096V (Note 20) 





Differential Input 

flN = 1 kHz 

90 


dBc 



flN = 10 kHz 

86 


dBc 



flN = 62 kHz 

76 


dBc 

SFDR 

Spurious Free Dynamic Range, 

V|N = 4.096V Vp.p 





Single-Ended Input 

flN = 1 kHz 

90 


dBc 



flN = 10 kHz 

85 


dBc 



flN = 62 kHz 

72 


dBc 

1 
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2.0 Electrical Specifications (continued) 

2.2.2 Converter Dynamic Characteristics The following specifications apply only to the LM12434 and LM12438 for Va+ = 

Vd+ = 5V, AGND = DGND = OV, Vref+ = 4.096V, Vref- = OV, 12-bit + sign conversion mode, fcLK = 8 0 MHz, 
throughput rate = 133.3 kHz, Rs = 25ft, source impedance for Vref+ and Vref- ^ 25ft, fully-differential input with fixed 
2.048V common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for = 

Tj = Tmiii to TpiAXi all other limits Ta = Tj = 25“C. (Notes 6, 7, 8 and 9) (Continued) 

Symbol 

Parameter 

Conditions 

Typicai 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

IMD 

Two Tone Intermodulation Distortion 
Differential Input 

V|N = ± 4.096V (Note 20) 
fl = 19.190 kHz 
f 2 = 19.482 kHz 

-82 


dBc 

IMD 

Two Tone Intermodulation Distortion 

Single Ended Input 

ViN = 4.096 Vpp 
fl = 19.190 kHz 
f 2 = 19.482 kHz 

-80 


dBc 


Multiplexer Channel-to-Channel Crosstalk 

V|N ~ 4.096 Vpp 
f|isi = 5 kHz 
^CROSSTALK = 40 kHz 
.LM12434 MUXOUT Only 
and LM1 2438 MUX 
plus Converter (Note 21) 

-90 


dBc 

tpu 

Power-Up Time 


10 


ms 

twu 

Wake-Up Time 

(Note 22) 

2 


ms 

2.2.3 DC Characteristics The following specifications apply to the LM12434 and LM12{ 1)438 for Va+ = Vd+ = 5V {3.3V]i 
AGND = DGND = OV, Vref+ = 4.096V {2.5V), Vref- = OV, fcLK = 8.0 MHz [6 MHz)and minimum acquisition time unless 
otherwise specified. Boldface limits apply for Ta = Tj = Tmhi to Tmax: all other limits Ta = Tj = 25“C. (Notes 6, 7 
and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 


Vd+ Supply Current 

fCLK = 8 MHz {6 MHz) 
fsCLK = Stopped 
fsCLK ==10 MHz {8 MHz) 

2.0 (1.4) 

4.0 (2.0) 

5.0 {2.5) 

mA (max) 
mA (max) 

Ia+ 

Va+ Supply Current 

fcLK = 8 MHz (6 MHz) 

2.8 {2.2) 

4.0 {3.5) 

mA (max) 

1st 

Stand-By Supply Current (Id + + U''') 

Stand-By Mode Selected 
^SCLK = Stopped 
^CLK = stopped 
fCLK= 8 MHz {6 MHz) 

fscLK =10 MHz {8 MHz) 

fcLK =" Stopped 

fCLK = 8 MHz {6 MHz) 

5(5) 

120 (50) 

1.4 (0.8) 

1.4 (0.8) 


jaA (max) 
juiA (max) 

mA (max) 
mA (max) 


Multiplexer ON-Channel Leakage Current 

Va+ = 5.5V 

ON-Channel = 5.5V 
OFF-Channel = OV 
ON-Channel = OV 
OFF-Channel = 5.5V 

0.1 

1.0 (3.0) 

1.0 (3.0) 

liA (max) 

juiA (max) 


Multiplexer OFF-Channel Leakage Current 

Va+ = 6.5V {3.3V) 
ON-Channel = 5.5V {3.3V) 
OFF-Channel = OV 
ON-Channel = OV 
OFF-Channel = 5.5V {3.3V) 

0.1 

1.0 {3.0) 

1.0 {3.0) 

jaA (max) 

juA (max) 
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2.0 Electrical Specifications (Continued) 

2.2.3 DC Characteristics The following specifications apply to the LM 12434 and LM12(L)438 for Va+ = Vd+ = 5V {3.3V], 
AGND = DGND = OV, Vref+ = 4.096V {2.5V1, Vref- = OV, fcLK = 8.0 MHz {6 MHzjand minimum acquisition time unless 
otherwise specified. Boldface limits apply for Ta = Tj = Thin TmaxI sA\ other limits Ta = Tj = 25°C. (Notes 6, 7 
and 8) (Continued) 


Symbol 


Ron 



Conditions 


Typical 
(Note 10) 


Limits 
(Note 11) 


Multiplexer ON-Resistance 


Multiplexer Channel-to-Channel 
Ron matching 


LM12434 
V|N = 5V 
V|N = 2.5V 
V,N = OV 


LM12434 



V|N = 5V 

±1.0% 

±3.0% 

V,N = 2.5V 

±1.0% 

±3.0% 

< 

z 

11 

o 

< 

±1.0% 

±3.0% 


2.2.4 Digital DC Characteristics The following specifications apply to the LM 12434 and LM12{Ll438 for Va+ = Vd+ = 5V 
{3.3Vi, AGND = DGND = OV, unless otherwise specified. Boldface limits apply for Ta - Tj = Tmin fo Tmax; other 
limits Ta = Tj = 25"C. (Notes 6, 7 and 8) 


Typical 
(Note 10) 


Limits 
(Note 11) 



1^5 


LM12434/LM12fL|438 
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2.0 Electrical Specifications (Continued) 

2.3 DIGITAL SWITCHING CHARACTERISTICS The following specifications apply to the LM12434 and LM12{Ll438 for Va+ 
= Vd+ = 5V {3.3V I, AGND = DGND = OV, Cl (load capacitance) on output lines = 80 pF unless otherwise specified. 
Boldface limits apply for = T j = Tmin Tmaxi aH other limits for Ta “ Tj = 25“C. (Notes 6, 7, and 9) 


2.3.1 Standard Mode Interface (MICROWIRE/PLUStm, SCI and SPI/QSPI) 


Symbol 

(See Figure Below) 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 


SCLK (Serial Clock) Period 



100 (1251 

ns (min) 

^2 

CS Set-Up Time to First 

Clock Transition 



25 |30| 

ns (min) 


Dl Valid Set-Up Time to Data 

Capture Transition of SCLK 



0 


^4 

Dl Valid Hold Time to Data 

Capture Transition of SCLK 



40 

ns (min) 

t5 

DO Hold Time from Data Shift 
Transition of SCLK 




ns (max) 

te 

CS Hold Time from Last SCLK 

T ransition In a Read or Write Cycle 
(Excluding Burst Read Cycle) 



25 


ty 

CS Inactive to CS Active Again 



3 

CLK Cycle 
(min)* 

ts 

SCLK Idle Time between the 

End of the Command Byte 

T ransfer and the Start of the 

Data Transfer in Read Cycles 



3 

CLK Cycle 
(min)* 


*CLK is the main clock input to the device, pin number 24 in PLCC package or pin number 2 in SO package. 


V ,c / 

/ — s 

-5-^2 -► 

K- H 



*6 



SCLK 


DO 


Y y 

lA I ■,..A ^ 


1 — 
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2.0 Electrical Specifications (Continued) 

2.3 DIGITAL SWITCHING CHARACTERISTICS The following specifications apply to the LM12434 and LM12|L]438 for Va + 
= Vd+ = 5V {3.3V1, AGND = DGND = OV, Cl (load capacitance) on output lines = 80 pF unless otherwise specified. 
Boldface limits apply for = Tj = Tmin to Tmaxi other limits for Ta = Tj = 25“C. (Notes 6, 7, and 9) (Continued) 

2.3.2 8051 Interface Mode 


Symbol 

(See Figure Below) 


Conditions 


Typical 
(Note 10) 


(Note 11) 


TXD (Serial Clock Period) 


CS Set-Up Time to First 
Clock Transition 

Data in Valid Set-Up Time to 
TXD Clock High 

Data in Valid Hold Time 
from TXD Clock High 

Data Out Hold Time 
from TXD Clock High 

CS Hold Time from Last TXD 
High in a Read or Write Cycle 





ns (min) 


ns (min) 


ns (max) 


ns (min) 
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2.0 Electrical Specifications (Continued) 

2.3 DIGITAL SWITCHING CHARACTERISTICS The following specifications apply to the LM12434 and LM12(L|438 for Va+ 
= Vd+ = 5V f3.3Vl, AGND = DGND = OV, Ci_ (load capacitance) on output lines = 80 pF unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin Tmaxi all other limits for Ta = Tj = 25°C. (Notes 6, 7, and 9) (Continued) 

2.3.3 TMS320 Interface Mode 


Symbol 

(See Figure Below) 

Parameter 

Conditions 



Units 

(Limit) 

t 22 

SCLK (Serial Clock) Period 




ns (min) 

*23 

FSX Set-Up Time to SCLK High 



30 (SOI 

ns (min) 

*24 

FSX Hold Time from SCLK High 



10 

ns (min) 

*25 

Data In (DX) Set-Up 

Time to SCLK Low 



0 

ns (min) 

*26 

Data in DX Hold Time from 

SCLK Low 




ns (min) 

*27 

FSR High from SCLK High 



80 [100) 

ns (max) 

*28 

FSR Low from SCLK Low 



120 

ns (max) 

CO 

SCLK High to Data 

Out (DR) Change 



90 
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2.0 Electrical Specifications (Continued) 

2.3 DIGITAL SWITCHING CHARACTERISTICS The following specifications apply to the LM12434 and LM12[Ll438 for Va + 
= Vd+ = 5V {3.3V I, AGND = DGND = OV, Cl (load capacitance) on output lines = 80 pF unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to TmaXi other limits for Ta = Tj = 25‘’C. (Notes 6, 7, and 9) (Continued) 

2.3.4 |2C Bus Interface 

The switching characteristics of the LM 12434/8 for I^C bus interface fully meets or exceeds the published specifications of the 
|2C bus. The following parameters given here are the timing relationships between SCL and SDA signals related to the 
LM1 2434/8. They are not the |2C bus specifications. 


Symbol 

(See Figure Below) 


Conditions 


Typicai 
(Note 10) 


SCL (Clock) Period 


Data in Set-Up Time to SCL High 


Limits 
(Note 11) 


2500 [100001 


ns (min) 
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2.0 Electrical Specifications (Continued) i , 

2.4 NOTES ON SPECIFICATIONS 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. GND specifies either AGND and/or DGND and V+ specifies either Va+ and/ 
orVD+. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > (Va+ or Vd+)), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), ©ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax “ Ta)/ 
©JA or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tjmax = fSO'C, and the typical thermal resistance (©ja) of the V 
package, when board mounted, is TO^C/W and in the WM package, when board mounted, is 60“C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input voltage magnitude up to 5V above Va+ or 5V below 
GND will not damage the part. However, errors in the A/D conversion can occur if these diodes are forward biased by more than 1 00 mV. As an example, if Va+ is 

4.5 Vdc. fhe full-scale input voltage must be ^4.6 Vdc to ensure accurate conversions. 


Va+ 



TL/H/1 1879-5 

Note 7: Va+ and Vq must be connected together to the same power supply voltage and bypassed with separate capacitors at each V+ pin to assure 
conversion/comparison accuracy. Refer to Section 8.0 for a detailed discussion on grounding the DAS. 

Note 8: Accuracy is guaranteed when operating the LM12434/LM12{L}438 at fcLK = 8 MHz {6 MHz}. 

Note 9: With the test condition for Vref (Vref+ “ Vref-) given as + 4.096V, the 12-bit LSB is 1 mV and the 8-bit/“Watchdog” LSB is 19 mV. 

Note 10: Typicals are at Ta = 25‘’C and represent most likely parametric norm. 

Note 11: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale and zero. (See Figures 5b and 5c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the average value of the code transitions 
between - 1 to 0 and 0 to + 1 (see Figure 6). 

Note 14: The DC common-mode error is measured with both the inverted and non-inverted inputs shorted together and driven from OV to 5V {3.3V}. The 
measured value is referred to the resulting output value when the inputs are driven with a 2.5V (1. 65V } signal. 

Note 15: Power Supply Sensitivity is measured after Auto-Zero and/or Auto-Calibration cycle has been completed with Va+ and Vd'*' at the specified extremes. 
Note 16: Vrefcm (Reference Voltage Common Mode Range) is defined as (Vref+ + Vref-)/2. See Figures 3 and 4. 

Note 17: The device self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will result in a 
repeatability uncertainty of ±0.10 LSB. 

Note 18: The Throughput Rate is for a single instruction repeated continuously while reading data during conversions with a serial clock frequency fscLK = 10 MHz 
(8 MHz}. Sequencer states 0 (1 clock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 clock cycles) are used (see Figure 10) for a total of 56 clock cycles per 
conversion. The Throughput Rate is fcLK (MHz)/N, where N is the number of clock cycles/conversion. 

Note 19: See AN-450 “Surface Mounting Methods and their Effect on Product Reliability” for other methods of soldering surface mount devices. 

Note 20: Each input referenced to the other input sees a ±4.096V (8.192 Vp.p) sine wave. However the voltage at each input stays within the supply rails. This is 
done by applying two sine waves with 1 80° phase shift and 4.096 Vp.p (between GND and Va+) to the inputs. 

Note 21: Multiplexer channel-to-channel crosstalk is measured by placing a sinewave with a frequency of f|N = 5 kHz on one channel and another sinewave with a 
frequency of fcROSSTALK = 40 kHz on the remaining channels. 8192 conversions are performed on the channel with the 5 kHz signal. A special response is 
generated by doing a FFT on these samples. The crosstalk is then calculated by subtracting the amplitude of the frequency component at 40 kHz from the 
amplitude of the fundamental frequency at 5 kHz. 

Note 22: Interrupt 7 is set to return an out-of-standby flag 10 ms (typ) after the device is requested to come out of standby mode. However, characterization has 
shown the devices will perform to their rated specifications in 2 ms. 
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3.0 Electrical Characteristics (Continued) 



TL/H/11879-10 

FIGURE 5a. Transfer Characteristic 



OUTPUT CODE 
(from -4096 to +4095) 


TL/H/11879-11 

FIGURE 5b. Simplified Error Curve vs Output Code without Auto-Calibration or Auto-Zero Cycies 
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3.0 Electrical Characteristics (Continued) 



(from -4096 to +4095) 


FIGURE 5c. Simplified Error Curve vs Output Code after Auto-Calibration Cycle 


TL/H/11879-12 


+2 




4 




OFFSET VOLTAGE 


h-1 


h-2 


ANALOG INPUT VOLTAGE (Vj^) 

FIGURE 6. Offset or Zero Error Voltage 


TL/H/ 11879-13 


1-54 



4.0 Typical Performance Characteristics 

The following curves apply for 1 2-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) 


Linearity Error Change 



CLK FREQUENCY (MHz) 


Linearity Error Change 
vs Supply Voltage 
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4.0 Typical Performance Characteristics (Continued) 

The following curves apply for 1 2-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) 


Analog Supply Current 
vs Temperature 


t fcLK = 8MHz- 

r 3.5 -l -l -t- h 















ix: 
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'a+ 

+ = 

i I 

= 5.5V 

= 5V1 

4.5V 

i- 1 — 
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TEMPERATURE (<>0) 


* Digital Supply Current 
vs Clock Frequency 


_ Vd+ = Va+ = 5V 

^ 3.0 h = 25^0 I 


1 3 5 7 9 

CLK FREQUENCY (MHz) 

*Free-running conversion and SPI mode data 
read at 200 ns SCLK period. 


Digital Supply Current 
vs Temperature 
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The following curves apply to the LM12L438 In 12-bit + sign mode after auto-calibration unless otherwise specified. Rs = 50n, 
Ta = 25“C, Va+ = Vd+ = 3.3V. Vref = 2.5V, fcLK = 6 MHz, fscLK = 8 MHz, V|n = 2.5V 0 dB. Sampling Rate = 

100 kHz. 


Unipolar Spectral Response with 
10 kHz Sine Wave at 0 dB 


Unipolar Spectral Response with 
20 kHz Sine Wave at 0 dB 


S/N = 71.34dB 
THD = -67.94dB I 
S/(N+D) = 66.31 dB 
Spurious Free 

, Dynamic Rang« = -68.47 d 


S/N = 71.09dB 
THD = -62.18dB - 
S/(N+D) = 6 1.65 d 
Spurious Free 
Dynamic Range = - 
-62.72 dB I 


10 20 30 40 50 

FREQUENCY (kHz) 


10 20 30 40 

FREQUENCY (kHz) 


The following culves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. Rs = 60ft, Ta = 25“C, 
Va+ = Vd+ = 5V, Vref = 4.096V, fcLK = 8 MHz, fscLK = 10 MHz, V|n = 4.096V 0 dB, Sampling Rate = 100 kHz. 


Unipolar Special Response 
with 41.2 kHz Sine Wave 
at 0 dB Reading Data 
during Conversion fscLK ~ 10 MHz 


Unipolar Special Response 
with 41.2 kHz Sine Wave 
at 0 dB Reading Data 
between Conversions 


-20 S/N = 88.34 dB -j [- 

THD = -71.38dB < 

-40 S/(N+0) = 86.59dB I | | 

Spurlcui Fr«« Dynsmie Rsns* = -75.1 


S/N = 88.38 dB ~1 
THD = -71.45dB ' 

-40 S/(N+D) = 86.84 dB — h 

Spurleui Fr«» Dynamic Range » -75.11 


FREQUENCY (kHz) 


10 20 30 

FREQUENCY (kHz) 
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4.0 Typical Performance Characteristics (Continued) 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 

Rs = 50n, Ta = 25‘’C, Va+ = Vd+ = 5V, Vref = 4.096V, fcLK = 8 MHz, fscLK = 10 MHz, V|n = 4.096V 
Sampling Rate = 133.3 kHz. 


►0 dB, 
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4.0 Typical Performance Characteristics (Continued) 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 

Rs = 50a, Ta = 25°c, Va+ = Vd+ = 5V. Vref = 4.096V, fcLK = 8 MHz, fscLK = 10 MHz, V|n = ±4.096V->' 0 dB, 
Sampling Rate = 133.3 kHz. 
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5.0 Pin Descriptions 

TABLE 1. LM12|L)438 Pin Description 

Pin Number 



PLCC 

Pkg. 

SO 

Pkg. 

Pin Name 

Description 

1 

7 

DGND 

Digital ground. This is the device’s digital supply ground connection. It should be connected 
through a low resistance and low inductance ground return to the system power supply. 

2 

8 

INO 

These are the eight analog inputs to the multiplexer. For each conversion to be performed, the 

3 

9 

INI 

active channels are selected according to the instruction RAM programming. Any individual 

4 

10 

IN2 

channel can be selected for a single-ended conversion referenced to AGND, or any pair of 

5 

11 

IN3 

channels, whether adjacent or non adjacent, can be selected as a fully differential input pairs. 

6 

12 

IN4 


7 

13 

IN5 


8 

14 

IN6 


9 

15 

IN7 


10 

16 

Vref*^ 

Positive reference input. The operating voltage range for this input is 1 V ^ Vref"^ ^ Va+ (See 
Figures 3 and 4). In order to achieve 12-bit performance this pin should be by passed to AGND 
at least with a parallel combination of a 10 juF and a 0.1 jaF (ceramic) capacitor. The capacitors 
should be placed as close to the part as possible. 

11 

17 

Vref“ 

Negative reference input. The operating voltage range for this input is 0 V ^ Vref“ ^ Vref+ 

- IV (See Figures 3 and 4). In order to achieve 12-bit performance, this pin should be bypassed 
to AGND at least with a parallel combination of a 10 /xF and a 0.1 juF (ceramic) capacitor. The 
capacitors should be placed as close to the part as possible. 

12 

18 

AGND 

Analog ground. This is the device’s analog supply ground connection. It should be connected 
through a low resistance and low inductance ground return to the system power supply. 

13 

19 

Va + 

Analog supply. This is the supply connection for the analog circuitry. The device operating supply 
voltage range is + 3.0V to + 5.5V. Accuracy is guaranteed only if the Va+ and Vd+ are 
connected to the same potential. In order to achieve 12-bit performance, this pin should be 
bypassed to AGND at least with a parallel combination of a 1 0 jaF and a 0.1 juF (ceramic) 
capacitor. The capacitors should be placed as close to the part as possible. 

14 

20 

DGND 

Digital ground. See above definition. 

15 

21 

Vd + 

Digital supply. This is the supply connection for the analog circuitry. The device operating supply 

16 

22 


voltage range is + 3.0V to + 5.5V. The device accuracy is guaranteed only if the Va+ and Vd+ 
are connected to the same potential. In order to achieve 12-bit performance this pin should be 
by passed to DGND at least with a parallel combination of a 10 jaF and a 0.1 jaF (ceramic) 
capacitor. The capacitors should be placed as close to the part as possible. 

17 

23 

P5 

PI -P5 are the multi-function serial Interface Input or output pins that have different assignments 
depending on the selected mode. 

Serial interface input: Standard: SCLK 

8051: TXD 

|2C: SCL 

TMS320: DR 

18 

24 

P4 

Serial interface input/output: Standard: DO 

8051: RXD 

|2C: SDA 

TMS320: DR 

19 

25 

P3 

Serial interface input: Standard: Dl 

8051: CS 

|2C: SAD2 

TMS320: DX 



1-59 


LM12434/LM12{Lj438 


LM12434/LM12{L)438 


5.0 Pin Descriptions (Continued) 

TABLE I. LM12{Ll438 Pin Description (Continued) 

Pin Number 

Pin Name 

Description 

PLCC 

Pkg. 

SO 

Pkg. 

20 

26 

P2 

Serial interface input: Standard: CS 

8051: 1 

|2C: SADI 

TMS320: FSX 

21 

27 

PI 

Serial interface input: Standard: R/F (Clock rise/fall) 

8051: 1 

|2C: SADO 

TMS320: FSR 

22 

23 

28 

1 

MODESEL2 

MODESEL1 

Serial mode selection inputs. The logic states of these inputs determine the operation of 
the serial mode as shown below. The standard mode covers the National’s MICROWIRE, 
Motorola’s SPI and Hitachi’s SCI protocols. 

MODESEL1 , MODESEL2: 01 Standard mode 

00 8051 

10 ; |2C 

11 TMS320 

24 

2 

CLK 

The device main clock input. The operating range of clock frequency is 0.05 MHz to 

10.0 MHz. The device accuracy is guaranteed only for the clock frequencies indicated in 
the specification tables. 

25 

3 

TnT 

Interrupt output. This is an active low output. An interrupt is generated any time a non- 
masked interrupt condition takes place. There are seven different conditions that can 
generate an interrupt. (Refer to Section 6.2.4). The interrupt is set high (inactive) by reading 
the interrupt status register. This output can drive up to 100 pF of capacitive loads. An 
external buffer should be used for driving higher capacitive loads. 

26 

4 

SYNC 

Synchronization input/output. SYNC is an input if the Configuration Register’s SYNC I/O bit 
is “0” and output when the bit is “1 ”. When sync is an input, a rising edge on this pin 
causes the internal S/H to hold the input signal and a conversion cycle or a comparison 
cycle (depending on the programmed instruction) to be started. (The conversion or 
comparison actually begins on the rising edge of the CLK immediately following the rising 
edge of sync.) When output, it goes high at the start of a conversion or a comparison cycle 
and returns low when the cycle is completed. At power up the SYNC pin is set as an input. 
When used as an output it can drive up to 100 pF of capacitive loads. An external buffer 
should be used for driving higher capacitive loads. 

27 

5 

STANDBYOUT 

Stand-by output. This Is an active low output. STANDBYOUT will be activated when the 

LM12{ Ll438 is put into stand-by mode through the Configuration Register’s stand-by bit. It 
is used to force any other devices in the system (signal conditioning circuitry, for example) 
to go into power-down mode. This is done by connecting the “shutdown”, “powerdown”, 
“standby”, etc. pins of the other ICs to STANDBYOUT. In those cases where the peripheral 

ICs do not have the power-down inputs, STANDBYOUT can be used to turn off their power 
through an electronic switch. Note that the logic polarity of the STANDBYOUT is the 
opposite to that of the stand-by bit in the Configuration Register. 

28 

6 

Vd+ 

Digital supply. See above definition. 

LM 12434 Pin Description. (Same as LM12{L)438 with the exceptions of the following pins.) 

LM 12434 Pi 

n DGSCriptiOn (Same As LI\/l12(Ll438 with the exception of the following pins.) 

6 

7 

12 

13 

MUXOUT- 

MUXOUT-t- 

Multiplexer outputs. These are the LM12434’s externally available analog MUX output pins. 
Analog inputs are directed to these outputs based on the Instruction RAM programming. 

8 

9 

14 

15 

S/HIN- 

S/HIN + 

Sample-and-hold inputs. These are the inverting and non-inverting inputs of the sample- 
and-hold. LM12434 allows external analog signal conditioning circuits to be placed 
between MUX outputs and S/H inputs. 




1-60 






6.0 Operational Information 

6.1 FUNCTIONAL DESCRIPTION 

The LM12434 and LM12{Ll438 are multi-functional Data 
Acquisition Systems that include a fully differential 12-bit- 
plus-sign self-calibrating analog-to-digital converter (ADC) 
with a two’s-complement output format, an 8-channel 
(LM12{L)438) or a 4-channel (LM12434) analog multiplex- 
er, a first-in-first-out (FIFO) register that can store 32 con- 
version results, and an Instruction RAM that can store as 
many as eight instructions to be sequentially executed. The 
LM12434 also has a differential multiplexer output and a 
differential S/H input. All of this circuitry operates on only a 
single + 5V power supply. For simplicity, the DAS (Data Ac- 
quisition System) abbreviation is used as a generic name for 
the members of the LM12434 and LM12(Lj438 family 
thoughout this discussion. 

Figure 7 illustrates the functional block diagram or user pro- 
gramming model of the DAS. Note that this diagram is not 
meant to reflect the actual implementation of the internal 
building blocks. The model consists of the following blocks: 

— A flexible analog multiplexer with differential output at 
the front end of the device. 

— A fully-differential, self-calibrating 12-bit + sign ADC 
converter with sample and hold. 

— A 32-word FIFO register as the output data buffer. 

— An 8-word Instruction RAM that can be programmed to 
repeatedly perform a series of conversions and compari- 
sons on selected Input channels. 

— A series of registers for overall control and configuration 
of DAS operation and indication of internal operational 
status. 

— Interrupt generation logic to request service from the 
processor under specified conditions. 

— Serial interface logic for input/output operations be- 
tween the DAS and the processor. All the registers 
shown in the diagram can be read and most of them can 
also be written to by the user through the input/output 
block. 

— A controller unit that manages the interactions of the 
different blocks inside the DAS and controls the conver- 
sion, comparison and calibration sequences. 

The DAS has 3 different modes of operation: 

— 12-bit + sign conversion 

— 8-blt + sign conversion 

— 8-bit + sign comparison (also called “watchdog” mode) 
The fully differential 12-bit-plus-sign ADC uses a charge re- 
distribution topology that includes calibration capabilities. 
Charge re-distribution ADCs use a capacitor ladder in place 
of a resistor ladder to form an internal DAC. The DAC is 
used by a successive approximation register to generate 
intermediate voltages between the voltages applied to 
Vref“ and Vref"^' These intermediate voltages are com- 
pared against the sampled analog input voltage as each bit 
is charged. 

Conversion accuracy is ensured by an internal auto-calibra- 
tion system. Two different calibration modes are available; 
one compensates for offset voltage, or zero error, while the 
other corrects the ADC’s linearity and offset errors. 

When correcting offset only, the offset error is measured 
once and a correction coefficient is created. During the full 
calibration, the offset error is measured eight times, aver- 


aged, and a correction coefficient is created. After comple- 
tion of either calibration mode, the offset correction coeffi- 
cient Is stored in an internal offset correction register. 

The LM12434 and LM12{L}438’s overall linearity correction 
is achieved by correcting the internal DAC’s capacitor mis- 
match. Each capacitor is compared eight times against all 
remaining smaller value capacitors and any errors are aver- 
aged. A correction coefficient is then created and stored in 
one of the thirteen linearity correction registers. A state ma- 
chine, using patterns stored in 16-bit x 8-bit ROM, executes 
each calibration algorithm. 

Once the converter has beep calibrated, an arithmetic logic 
unit (ALU) uses the offset correction coefficient and the 13 
linearity correction coefficients to reduce the conversion’s 
offset error and linearity error, in the background, during the 
12-bit + sign conversion. 8-bit + sign conversions and 
“watchdog” comparisons use only the offset coefficient. An 
8-bit + sign conversion requires less than half the time 
needed for a 12-bit + sign conversion. 

Diagnostic Mode 

A diagnostic mode is available that allows verification of the 
LM12{Ll438’s operation. The diagnostic mode is disabled 
in the LM12434. This mode internally connects the voltages 
present at the Vref"^ and Vref“ pins to the internal Vin"^ 
and V|N~ S/H inputs. This mode is activated by setting the 
Diagnostic bit (Bit 1 1) in the Configuration register to a “1”. 
More information concerning this mode of operation can be 
found in Section 6.2.2. 

Watchdog Mode 

In the watchdog mode no conversion Is performed, but the 
DAS samples an input and compares It with the values of 
the two limits stored in the Instruction RAM. If the input 
voltage is above or below the limits (as defined by the user) 
an interrupt can be generated to indicate a fault condition. 
The LM12434 and LM{Ll438’s “watchdog” mode Is used 
to monitor a single-ended or differential signal’s amplitude 
and generate an output If the signal’s amplitude falls out- 
sidde of a programmable “window”. Each watchdog Instruc- 
tion includes two limits. An interrupt can be generated if the 
input signal is above or below either of the two limits. This 
allows interrupt to be generated when analog voltage inputs 
are “outside the window”. After a “watchdog” mode inter- 
rupt, the processor can then request a conversion on the 
input signal and read the signal’s magnitude. 

Analog Input Multiplexer 

The analog input multiplexer can be configured for any com- 
bination of single-ended or fully differential operation. Each 
input is referenced to AGND when a multiplexer channel 
operates in the single-ended mode. Fully differential analog 
input channels are formed by pairing any two channels to- 
gether. 

The LM12434’s multiplexer outputs and S/H inputs 
(MUXOUT+, MUXOUT- and S/H IN + , S/H IN-) provide 
the option for additional analog signal processing after the 
multiplexer. Fixed-gain amplifiers, programmable-gain am- 
plifiers, filters, and other processing circuits can operate on 
the multiplexer output signals before they are applied to the 
ADC’s S/H inputs. If external processing is not used, con- 
nect MUXOUT+ to S/H IN+ and MUXOUT- to S/H IN-. 



1-61 


LM12434/LM12{Ll438 



LM12434/LM12{Ll438 


6.0 Operational Information (Continued) 



(Limits# 2) (Limits# 1) (instructions) 

(a) The LM12(L)438 


TL/H/1 1879-27 



(Limits# 2) (Limits# l) (instructions) 


PI 

P2 

P3 

P4 

P5 


M0DESEL1 

M0DESEL2 


INT 


TL/H/1 1879-28 


(b) The LM 12434 

FIGURE 7. The LM12(Ll438 and LM12434 Functional Block Diagram (Programming Model) 
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6.0 Operational Information (Continued) 

Acquisition Time 

The LM12434 and LM12{L|438’s internal S/H is designed 
to operate at its minimum acquisition time (1.125 [1.5] fis 
for a 12-bit + sign conversion) when the source imped- 
ance, Rs, is less than or equal to 60 (80} fl (fcLK ^8(61 
MHz). When 60 {80) n < Rs ^ 4.17 {5.56] kH. the inter- 
nal S/H’s acquisition time can be increased to a maximum 
of 4.88 [6.5] jas (12 + sign bits, fcLK = 8 {6} MHz) to 
provide sufficient time for the sampling capacitor to charge. 
See Section 6.2.1 (Instruction RAM “00”) Bits 12-15 for 
more information. 

Instruction Register 

The INSTRUCTION RAM is divided into 8 separate words, 
each with 48 (3x16) bit length. Each word is separated into 
three 1 6-bit sections. Each word has a unique address and 
different sections of the instruction word are selected by the 
2-bit RAM pointer (RP) in the configuration register. As 
shown in Figure 7, the Instruction RAM sections are labeled 
Instructions, Limits #1 and Limits #2. The Instruction sec- 
tion holds operational (12-bit + sign, 8-bit + sign or watch- 
dog) information such as the input channels to be selected, 
the mode of operation to be performed for each instruction, 
and the duration of the acquisition period. The other two 
sections are used in the watchdog mode and the user- 
defined limits are stored in them. Each watchdog instruction 
has 2 limits associated with it (usually a low limit and a high 
limit, but two low limits or two high limits may be pro- 
grammed instead). The DAS starts executing from instruc- 
tion 0 and moves through the next instructions up to any 
user-specified instruction and then “loop back” to instruc- 
tion 0. It is not necessary to execute all 8 instructions In the 
instruction loop. The cycle may be repeatedly executed until 
stopped by the user. The processor should access the In- 
struction RAM only when the instruction sequencer is 
stopped. 

FIFO Register 

The FIFO Register stores the conversion results. This regis- 
ter is “Read only” and all the locations are accessed 
through a single address. Each time a conversion is per- 
formed the result is stored in the FIFO and the FIFO’s inter- 
nal write pointer points to the next location. The pointer rolls 
back to location 1 after a Write to location 32. The same 
flow occurs when reading from the FIFO. The internal FIFO 
Writes and the external FIFO Reads do not affect each oth- 
er’s pointer locations. 


Microprocessor overhead is reduced through the use of the 
internal conversion FIFO. Thirty-two consecutive conver- 
sions can be completed and stored in the FIFO without any 
microprocessor intervention. The microprocessor can, at 
any time, interrogate the FIFO and retrieve its contents. It 
can also wait for the LM 1 2434 and LM 1 2 { L ] 438 to issue an 
interrupt when the FIFO is full or after any number (^ 32) of 
conversions have been stored. 

Configuration Register 

The CONFIGURATION Register is the main “control panel” 
of the DAS. Writing Is and Os to the different bits of the 
Configuration Register commands the DAS start or stop the 
sequencer, reset the pointers and flags, go into “standby” 
mode for low power consumption, calibrate offset and lin- 
earity, and select sections of the RAM. 

Other Registers 

The INTERRUPT ENABLE Register lets the user activate up 
to 7 sources for interrupt generation (refer to Section 6.2.3). 
It also holds two user-programmable values. One is the 
number of conversions to be stored in the FIFO register 
before the generation of the Data Ready interrupt. The other 
value is the instruction number that generates an interrupt 
when the sequencer reaches that instruction. 

The INTERRUPT STATUS and LIMIT STATUS Registers 
are “Read only” registers. They are used as vectors to indi- 
cate which conditions have generated the interrupt and 
what watchdog limit boundaries have been passed. Note 
that the bits are set in the status registers upon occurrence 
of their corresponding interrupt conditions, regardless of 
whether the condition is enabled for external interrupt gen- 
eration. 

The TIMER Register can be programmed to insert a delay 
before execution of each instruction. A bit in the instruction 
register enables or disables the insertion of the delay before 
the execution of an instruction. 

Serial i/O 

A very flexible serial synchronous interface is provided to 
facilitate reading from and writing to the LM 12434 and 
LM12(Li438’s registers. The communication between the 
LM12434 and LM12{L]438 and microcontrollers, micro- 
processors and other circuitry is accomplished through this 
serial interface. The serial interface is designed to directly 
communicate with the synchronous serial interfaces of the 
most popular microprocessors with no extra hardware re- 
quirement. The interface has been also designed to simplify 
software development. 
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6.0 Operational Information (Continued) 


Instruction RAM 

RP=10 

Limits #2 

(Read/Write) 

RP = 01 

Limits #1 

RP = 00 

Instructions 

ADD = 0000 

ADD = 0000 

ADD = 0000 

ADD = 0001 

ADD = 0001 

ADD = 0001 

ADD = 0010 

ADD = 0010 

ADD = 0010 

ADD = 0011 

ADD = 0011 

ADD = 0011 

ADD = 0100 

ADD = 0100 

ADD = 0100 

ADD = 0101 

ADD = 0101 

ADD = 0101 

ADD = 0110 

ADD = 0110 

ADD = 0110 

ADD = 0111 

ADD = 0111 

ADD = 0111 

RP = RAM Pointer 

ADD = A3, A2,A1,A0 


(Read/ Write) 

CONFIGURATION REGISTER 

o 

o 

o 

II 

Q 

O 

< 



(Read/Write) 


INTERRUPT ENABLE REGISTER 

ADD = 1001 



(Read Only) 


INTERRUPT STATUS REGISTER 

ADD = 1010 



(Read/Write) 


TIMER REGISTER 

ADD =1011 



(Read Only) 


CONVERSION FIFO 

(32 Locations, 1 address) 

ADD =1100 



(Read Only) 


LIMIT STATUS REGISTER 

ADD =1101 


FIGURE 8. LM12434 and LM12(L)438 User Accessible Registers 
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6.0 Operational Information (Continued) 

6.2 INTERNAL USER-ACCESSIBLE REGISTERS 

Figure 8 shows the LM 1 2434 and LM1 2 { L ) 438 internal user 
accessible registers. Figure 9 shows the bit assignment for 
each register. All the registers are accessible through the 
serial interface bus. Following are the descriptions of the 
registers and their bit assignments. 

6.2.1 Instruction RAM 

The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 48-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction’s address 
and the 2-bit “RAM pointer” in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111. They can be accessed and programmed in 
random order. 

Read/Write Operations 

Any Instruction RAM READ or WRITE can affect the se- 
quencer’s operation. 

Therefore, the Sequencer should be stopped by setting the 
RESET bit to a “1” or by resetting the START bit in the 
Configuration Register and waiting for the current instruction 
to finish execution before any Instruction RAM READ or 
WRITE is initiated. 

A soft RESET should be issued by writing a “1” to the Con- 
figuration Register’s RESET bit after any READ or WRITE to 
the Instruction RAM. 

The three sections in the Instruction RAM are selected by 
the Configuration Register’s 2-bit “RAM Pointer”, bits D8 
and D9. The first 16-bit Instruction RAM section is selected 
with the RAM Pointer equal to “00”. This section can be 
programmed for multiplexer channel selection, conversion 
resolution, watchdog mode operation, timer or external 
SYNC use, pause in instruction and loop bit as described 
later. The second 16-bit section holds “watchdog” limit #1, 
its sign, and a bit that determines whether an interrupt can 
be generated when the input is greater than or less than 
limit #1. The third 16-bit section holds “watchdog” limit #2, 
its sign, and the “greater than/less than” selection bit. 

Instruction RAM, Bank 1, RP = 00 

Bit 0 is the LOOP bit. After an instruction with Bit 0 set to a 
”1” is executed, the sequencer will loop back to instruction 
0. The next instruction to be executed will be instruction 0. 
Bit 1 is the PAUSE bit. When the PAUSE bit is set (“1”), the 
Sequencer will stop after reading the current instruction. 
The instruction will not execute at this point, and the START 
bit in the Configuration register will reset to “0”. Setting the 
PAUSE also causes an interrupt to be issued. The Sequenc- 
er is restarted by placing a “1” in the Configuration regis- 
ter’s Bit 0 (Start bit). 

After the Instruction RAM has been programmed and the 
RESET bit is set to “1”, the Sequencer retrieves Instruction 
0, decodes it, and waits for a “1 ” to be placed in the Config- 
uration register’s START bit. The START bit value of “1” 
“overrides” the action of Instruction O’s PAUSE bit when 
the Sequencer is started. Once started, the Sequencer exe- 
cutes Instruction 0 and retrieves, decodes, and executes 


each of the remaining instructions. With the PAUSE bit set 
to “1” in instruction 0, no PAUSE Interrupt (INT 5) is gener- 
ated the first time the Sequencer executes Instruction 0. 
When the Sequencer encounters a LOOP bit or completes 
all eight instructions. Instruction 0 is retrieved and decoded. 
A set PAUSE bit in Instruction 0 now halts the Sequencer 
before the instruction is executed. If Pause = 0, the instruc- 
tion loop continues to execute. 

Bits 2-4 select which of the eight input channels (IN0-IN7) 
will be the non-inverting inputs to the LM12{L)438’s ADC. 
(See Table III.) They select which of the four input channels 
(for IN0-IN3) will be the non-inverting inputs to the 
LM12434’s ADC. (See Table IV.) 

Bits 5-7 select which of the seven input channels (INI to 
IN7) will be the inverting inputs to the LM12|Ll438 ADC. 
(See Table III.) They select which of the three input chan- 
nels (IN1-IN4) will be the inverting inputs to the LM12434’s 
ADC. (See Table IV.) Fully differential operation is created 
by selecting two multiplexer channels, one non-inverting 
and the other inverting. A code of “000” selects ground as 
the inverting input for single ended operation. 

Bit 8 is the SYNC bit. Setting Bit 8 to “1” causes the Se- 
quencer to hold operation at the internal S/H’s acquisition 
cycle and to wait until a rising edge appears at the SYNC 
pin. When a rising edge appears, the S/H goes into the 
“Hold” mode and the ADC begins to perform a conversion 
on the next rising edge of CLK. To make the SYNC pin 
serve as an input, the Configuration register’s “SYNC I/O” 
bit (Bit 7) must be set to a “0”. With SYNC configured as an 
input, it is possible to synchronize the start of a conversion 
to external events. When SYNC pin is defined as an output 
(SYNC I/O bit = 1) the SYNC bit in the instruction registers 
must not be set to 1 . 

When the LM 12434 and LM12{L)438 are used in the 
“watchdog” mode with external synchronization, two rising 
edges on the SYNC input are required to initiate the two 
comparisons that are performed during a watchdog instruc- 
tion. The first rising edge initiates the comparison of the 
selected analog input signal with Limit #1 (found in Instruc- 
tion RAM “01”) and the second rising edge initiates the 
comparison of the same analog input signal with Limit #2 
(found in Instruction RAM “10”). 

Bit 9 is the TIMER bit. When Bit 9 is set to “1”, the Se- 
quencer will halt until the internal 16-bit Timer counts down 
to zero. During this time interval, no “watchdog” compari- 
sons or analog-to-digital conversions will be performed. 

Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to “1” selects 8-bit + sign and resetting to “0” selects 12- 
bit + sign. 

Bit 11 is the “watchdog” comparison mode enable bit. 
When operating in the “watchdog” comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored in Limit #1 and Limit #2 (see Instruc- 
tion RAM “01” and Instruction RAM “10”). Setting Bit 11 to 
“1” causes two comparisons of the selected analog input 
signal, one with each of the two stored limits. When Bit 1 1 is 
reset to “0”, an 8-bit + sign or 12-bit + sign (depending on 
the state of Bit 10 of Instruction RAM “00”) conversion of 
the input signal can take place. 
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A4 A3 A2 A1 Purpose 


instruction RAM 
(RAM Pointer = 00) 


Acquisition 

Time 


Instruction RAM 
(RAM Pointer = 01) 

R/W 

Don’t Care 


Instruction RAM 
(RAM Pointer = 10) 


Configuration R/W 
Register 


R/W 

Interrupt Enable 
Register 


Interrupt Status 
Register 




Number of Conversion 
Results in FIFO to 
Generate Interrupt (INT2) 


Number of Unread 
Conversion Results 
in FIFO 


Timer Preset High Byte 


Conversion 

FiFO 


Limit Status 
Register 


Instruction 
Number or 
Extended 
Sign 


Conversion 
Data: MSBs 


Limit #2: Status 


Timer Preset Low Byte 


Conversion Data: LSBs 


Limit #1: Status 


*LM 12434 (Refer to Table IV). 

1'LM12{L}438 only. Must be set to “0” for the LM12434. 

X No interrupt is associated with this bit. When programming the interrupt Enable Register, bit-6 is a don’t care condition. 


FIGURE 9. Bit Assignments for LM12434 and LM12{Ll438 Internai Registers 
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6.0 Operational Information (Continued) 

CONFIGURATION REGISTER (Read/Write): 


015 1 014 1 013 1 012 

Oil 

010 

09 1 08 

07 

06 

05 

04 

03 

02 

01 

OO 

Don’t Care 

Diag. 

Test 

RAM 

Sync 

A/Z Each 

I/S 

Stand- 

Full 

Auto 

Reset 

Start 




Pointer 

I/O 

Cycle 


by 

Cal 

Zero 




DO: Start: 0 stops the instruction execution. 1 starts the instruction execution. 

D1 : Reset: When set to 1 , resets Start bit; also resets all the bits in status registers and resets the instruction pointer to 

zero. D1 will then automatically reset itself to zero after 2 clock pulses. 

D2: Auto-Zero: When set to 1 a long (8-cycle) auto-zero calibration cycle is performed. 

D3: Full Calibration: When set to 1 a full calibration cycle (linearity and auto-zero) is performed. 

D4: Standby: When set to 1 the chip goes to low-power standby mode. Resetting the bit will return the chip to active 

mode after a short delay. 

D5: I/S: Instruction # or extended sign. 0 = Bits 13-15 of the conversion result hold the Instruction number to which the 

result belongs; 1 = Bits 13-15 of the result hold the extended sign bit. 

D6: A/Z each Cycle: When set to 1 a short auto-zero cycle Is performed before each conversion. 

D7: Sync I/O: 0 = Sync pin is input: 1 = Sync pin Is output. 

D9-D8: RAM Pointer: Selects the sections of the instruction RAM, 00 = Instruction, 01 = Limits #1, 10 = Limits #2. 

DIO: This bit is used for production testing and must be kept zero for normal operation. 

D11: Diagnostic: When set to 1, the LM12{Ll438 will perform a diagnostic conversion along with a properly selected 

Instruction. This mode is not available on the LM12434. 

D15-D12: Don’t Care. 

INSTRUCTION RAM (Read/Write): 

Instruction: 


015 1 014 1 013 

1 

Oil 

O10 

09 

08 

1 *57 

1 *56 1 

05 

04 1 03 1 02 

01 

OO 

Acquisition Time 

Watchdog 

8/12 

Timer 

Sync 

1 MUXlN- 

MUXIN + 

Pause 

Loop 


DO: Loop: 0 = Go to next instruction; 1 = Loop back to in instruction #0. 

D1 : Pause: 0 = No pause; 1 = Pause; don’t do the instruction. The start bit In the Configuration register resets to 0 when 

a pause encountered; a 1 written to the Start bit restarts the instruction execution. 

D4-D2: MUXIN + : For the LM12{Ll438, these bits select which Input channel js connected to the ADC’s non-inverting input. 

For the LM12434, they select which input channel is connected to MUXOUT + . 

D7-D5: MUXIN — : For the LM12{Ll438, these bits select which input channel is connected to the ADC’s inverting input. For 
the LM12434, they select which input channel is connected to MUXOUT-. 

D8: Sync: 0 = Normal operation, Internal timing, SYNC is an output. 1 = SYNC is an input; S/H and conversion 

(comparison) timing are controlled by an external signal applied to SYNC pin. 

D9: Timer: 0 = Timer is not used for this instruction; 1 = Instruction execution does not begin until timer counts down to 

zero. 

DIO: 8/12: 0 = 12-bit + sign resolution. 1 = 8-bit + sign resolution. 

D11: Watchdog: 0 = Conventional conversion (no watchdog comparison); 1 = Instruction performs watchdog compari- 

sons. 

D15-D12: Acquisition Time: Determines S/H acquisition time 

For 1 2-bit + sign: (9 4- 2D) clock cycles. For 8-bit + sign: (2 + 2D) clock cycles. 

Where D = Contents of D15-D12. 

For 12-bit + sign: Choose D for D ^ 0.45 x Rstkfl] x fcLKtMHz]. 

For 8-bit + sign: Choose D for D ^ 0.36 x Rs[kn] x fcLKtMHz]. 

Where Rs = Input source resistance. 

FIGURE 9. Bit Assignments for LM12434 and LM12(L}438 internal Registers (Continued) 
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6.0 Operational Information (Continued) 

INSTRUCTION RAM (Read/Write): (Continued) 

Limits # 1 & 2 


D15 1 D14 I D13 1 D12 | Dll | DIO 

D9 

D8 

1 D7 1 D6 1 D5 1 D4 1 D3 1 

D2 

O 

o 

o 

Don’t Care 

>/< 

Sign 

1 Limit 


D7-D0: Limit: 8-bit limit value. 

D8: Sign: Sign of limit value, 0 = Positive; 1 = Negative. 

D9: >/<: High Limit/Low limit. 0 = Inputs lower than limit generate interrupt, 1 = Inputs higher than limit generate 

interrupt. 

D1 5- D10: Don’t Care. 


INTERRUPT ENABLE REGISTER (Read/Write): 


D15 D14 D13 D12 Dll 

D10 D9 D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Number of Conversion 

Results in FIFO to 

Generate Interrupt (INT2) 

Instruction Number 

to Generate 

Interrupt (INT1) 

INT7 

X 

INT5 

INT4 

INT3 

INT2 

INT1 

INTO 


Bits # 0 to 7 enable interrupt generation for the following conditions when the bit is set to 1 . 

DO: INTO: Generates an interrupt when a limit is passed in watchdog mode. 

D1: INT1: Generates an interrupt when the sequencer has loaded the instruction number contained in bits D10, D9, and 

D8 of the Interrupt Enable register. 

D2: INT2: Generates an interrupt when the number of conversion results in the FIFO is equal to the programmed value 

(D15-D11). 

D3: INT3: Generates an interrupt when an auto-zero cycle Is completed. 

D4: INT4: Generates an interrupt when a full calibration cycle is completed. 

D5: I NTS: Generates an interrupt when a pause condition is encountered. 

D6: This bit is a don’t care condition. No interrupt is associated with this bit. 

D7: INT7: Generates an interrupt when the chip is returned from standby and is ready for operation. 

D10-D8: Programmable instruction number used to generate an interrupt when that Instruction has been reached. 

D15-D11: Programmable number of conversion results In the FIFO to generate an interrupt. 


TIMER REGISTER (Read/Write): 

D15 I D14 I D13 I P12 | D11 | DIO | D9 | D8 | D7 | D6 | D5 | D4 | P3 | D2 

N = Timer Preset Value 


D1 


DO 


The Timer delays the execution of an Instruction if the Timer bit is set in that instruction. 

The time delay is: 

Delay = (32 x N) + 2 [Clock Cycles] 

FIGURE 9. Bit Assignments for LM 12434 and LM12{L)438 Internai Registers (Continued) 
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6.0 Operational Information (Continued) 

FIFO REGISTER (Read only): 


Instruction Number 
or Extended Sign 


Sign 


Conversion Result 


D11-D0: Conversion Result: 

For 12-bit + sign: 12-bit result value 
For 8-bit + sign: D11-D4 = result value, D3-D0 = 1110 
D12: Sign: Conversion result sign bit, 0 = Positive, 1 = Negative 

D15-D13: Instruction number associated with the conversion result or the extended sign bit for 2’s complement arithnrietic, 
selected by bit D5 (Channel Mask) of the Configuration register. 


INTERRUPT STATUS REGISTER (Read only): 


D15 

1 

1 D13 I D12 1 Dll 

DIO 1 D9 1 D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Number of Unread Results 

in FIFO 

Instruction Number 

Being Executed 

INST7 

x 

INST5 

INST4 

INST3 

INST2 

INST1 

INSTO 


Bits #0 to 7 are interrupt flags (vectors) that will be set to 1 when the following conditions occur. The bits are set to 1 whether 
the interrupt is enabled or disabled in the Interrupt Enable register. The bits are reset to 0 when the register is read, or by a 
device reset through the Configuration register. 

DO: INSTO: Is set to 1 when a limit is passed in watchdog mode. 

D1: INST1: Is set to 1 when the sequencer has loaded the instruction number contained in bits DIO, D9, and D8 of the 

Interrupt Enable register. 

D2: INST2: Is set to 1 when number of conversion results in FIFO is equal to the programmed value (D15-D11) in the 

Interrupt Enable Register. 

D3: INST3: Is set to 1 when an auto-zero cycle is completed. 

D4: INST4: Is set to 1 when a full calibraton cycle is completed. 

D5: INST5: Is set to 1 when a pause condition Is encountered. 

D6: Don’t care. 

D7: INST7: Is set to 1 when the chip is returned from standby and is ready. 

D10-D8: Holds the instruction number presently being executed or will be executed following a Pause or Timer delay. 
D15-D1 1: Holds the number of conversion results that have been put in the FIFO but that have not yet been read by the user. 


LIMIT STATUS REGISTER (Read only): 


P15 I D14 I D13 I D12 


Limit #2: Status 


I D5 I D4 I 


Limit #1: Status 


The bits in this register are limit flags (vectors) that will be set to 1 when a limit is passed. The bits are associated to individual 
instruction limits as indicated below. 

DO: Limit #1 of Instruction #0 is passed. 

D1: Limit #1 of Instruction #1 is passed. 

D2: Limit #1 of Instruction #2 is passed. 

D3: Limit #1 of Instruction #3 is passed. 

D4: Limit #1 of Instruction #4 is passed. 

D5: Limit #1 of Instruction #5 is passed. 

D6: Limit #1 of Instruction #6 Is passed. 

D7: Limit #1 of Instruction #7 Is passed. 

D8: Limit #2 of Instruction #0 is passed. 

D9: Limit #2 of Instruction #1 is passed. 

DIO: Limit #2 of Instruction #2 is passed. 

Dll: Limit #2 of Instruction #3 is passed. 

D12: Limit #2 of Instruction #4 is passed. 

D13: Limit #2 of Instruction #5 is passed. 

D14: Limit #2 of Instruction #6 is passed. 

D15: Limit #2 of Instruction #7 Is passed. 

FIGURE 9. Bit Assignments for LM 12434 and LM12{L)438 Internal Registers (Continued) 
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6.0 Operational Information (continued) 

Bits 12-15 Store the user-programmable acquisition time. 

The Sequencer keeps the internal S/H in the acquisition 
mode for a fixed number of clock cycles (nine clock cycles, 
for 1 2-bit + sign conversions and two clock cycles for 8-blt 
+ sign conversions or “watchdog” comparisons) plus a 
variable number of clock cycles equal to twice the value 
stored In Bits 12-15. Thus, the S/H’s acquisition time is (9 
+ 2D) clock cycles for 1 2-bit + sign conversions and (2 + 

2D) clock cycles for 8-blt + sign conversions or “watch- 
dog" comparisons, where D is the value stored in Bits 12- 
1 5. The minimum acquisition time compensates for the typi- 
cal internal multiplexer series resistance of 2 kH, and any 
additional delay created by Bits 12-15 compensates for 
source resistances greater than 60fl {80fl] . The necessary 
acquisition time is determined by the source impedance at 
the multiplexer input. If the source resistance Rs < 60ft 
and the clock frequency is 8 MHz, the value stored In bits 
12-15 (D) can be 0000. If Rs > 60ft, the following equa- 
tions determine the value that should be stored in 
bits 12-15. 

D = 0.45xRsxfcLK 

for 12-bits + sign 

D = 0.36 X Rs X fcLK 
for 8-bits + sign and “watchdog” 

Rs is in kft and fcLK is in MHz. Round the result to the next 
higher integer value. If the value of 0 obtained from the 
expressions above is greater than 1 5, It is advisable to lower 
the source impedance by using an analog buffer between 
the signal source and the LM12{Ll438’s multiplexer inputs. 

The value of D can also be used to compensate for the 
settling or response time of external processing circuits con- 
nected between the LM12434’s MUXOUT and S/H IN pins. 

Instruction RAM, Bank 2 RP = 01 

The second Instruction RAM section is selected by placing 
“01 ” in Bits 8 and 9 of the Configuration register. . 

Bits 0-7 hold “watchdog” limit #1. When Bit 1 1 of Instruc- 
tion RAM “00” Is set to a “1”, the LM 12434 and 
LM12[Ll438 performs a “watchdog” comparison of the 
sampled analog input signal with the limit #1 value first, 
followed by a comparison of the same sampled analog input 
signal with the value found In limit #2 (Instruction RAM 
“10”). 

Bit 8 holds limit #1’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 
limit #1 to generate an interrupt, while a “0” causes a volt- 
age less than limit # 1 to generate an interrupt. 

Bits 10-15 are not used. 

Instruction RAM, Bank 3, RP = 10 

The third Instruction RAM section is selected by placing 
“10” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #2. When Bit 1 1 of Instruc- 
tion RAM “00” is set to a “1”, the LM12434 and 
LM12{Ll438 performs a “watchdog” comparison of the 
sampled analog input signal with the limit #1 value first (In- 
struction RAM “01 ”), followed by a comparison of the same 
sampled analog input signal with the value found In limit #2. 

Bit 8 holds limit #2’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 
limit #2 to generate an Interrupt, while a “0” causes a volt- 
age less than limit #2 to generate an interrupt. 

Bits 10-15 are not used. 

TABLE III. LM12|L)438 Operating Mode Input Channel Selection through Input Multiplexer 

Normal Operating Mode 

Non-Inverting Input 
Channel Selection Bits 
in Instruction Register 

D4, D3, D2 

Input Channel to Be 
Connected to A/D 
Non-Inverting input 
(IN + ) 

Inverting Input 

Channel Selection Bits 
in instruction Register 

D7, D6, D5 

Input Channel to Be 
Connected to A/D 
Inverting Input 
(IN-) 

000 

INO 

000 

GND 

001 

INI 

001 

INI 

010 

IN2 

010 

IN2 

oil 

IN3 

oil 

IN3 

100 

IN4 

100 

IN4 

101 

IN5 

101 

IN5 

110 

1N6 

110 

IN6 

111 

IN7 

111 

IN7 
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6.0 Operational Information (continued) 



TABLE IV. LM12434 Input Channel Selection through Input Multiplexer 

Normal Operating Mode 

Non-Inverting Input 
Channel Selection Bits 
in Instruction Register 

D4, D3, D2 

Input Channel to Be 
Connected to MUX 
Non-Inverting Output 
(MUXOUT+) 

Inverting Input 

Channel Selection Bits 
in Instruction Register 

D7, D6, D5 

Input Channel to Be 
Connected to MUX 
Inverting Output 
(MUXOUT-) 

000 

INO 

000 

GND 

001 

IN1 

001 

IN1 

010 

IN2 

010 

IN2 

oil 

IN3 

oil 

IN3 

1XX 

None 

1XX 

None 

TABLE V. LM12(Ll438 Diagnostic Mode Input Channel Selection through Input Multiplexer 

Diagnostic Mode 

Non-Inverting Input 
Channel Selection Bits 
in instruction Register 

D4, D3, D2 

input Channel to Be 
Connected to A/D 
Non-Inverting Input 
(IN+) 

Inverting Input 

Channel Selection Bits 
in Instruction Register 

D7, D6, D5 

Input Channel to Be 
Connected to A/D 
Inverting input 
(IN-) 

000 

None 

000 

None 

001 

Vref+ 

001 

Vref“ 

010 

IN2 

010 

IN2 

oil 

IN3 

oil 

IN3 

100 

IN4 

100 

IN4 

101 

INS 

101 

INS 

110 

IN6 

110 

IN6 

111 

IN7 

111 

IN7 
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6.0 Operational Information (Continued) 

6.2.2 Configuration Register 

The Configuration register is a 16-bit control register with 
read/ write capability. It acts as the LM12434’s and 
LM12fLl438’s “control panel” holding global information 
as well as start/stop, reset, self-calibration, and stand-by 
commands. 

Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer’s status. A “0” indicates that the 
Sequencer is stopped and waiting to execute the next in- 
struction. A “1” shows that the Sequencer is running. Writ- 
ing a “0” halts the Sequencer when the current instruction 
has finished execution. The next instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. Writing a “1” to Bit 0 restarts the Sequencer with 
the instruction currently pointed to by the instruction pointer. 
(See Bits 8-10 in the Interrupt Status register.) 

Bit 1 is the DAS’ system RESET bit. Writing a “1” to Bit 1 
stops the Sequencer (resetting the Configuration register’s 
START/STOP bit), resets the Instruction pointer to “000” 
(found in the Interrupt Status register), clears the Conver- 
sion FIFO, and resets all interrupt flags. The RESET bit will 
return to “0” after two clock cycles unless it is forced high 
by writing a “1” into the Configuration register’s Standby bit. 
A reset signal is internally generated when power is first 
applied to the part. No operation should be started until the 
RESET bit is “0”. 

Bit 2 is the auto-zero bit. Writing a “1 ” to this bit initiates an 
auto-zero offset voltage calibration. Unlike the eight-sample 
auto-zero calibration performed during the full calibration 
procedure. Bit 2 initiates a “short” auto-zero by sampling 
the offset once and creating a correction coefficient (full 
calibration averages eight samples of the converter offset 
voltage when creating a correction coefficient). If the Se- 
quencer is running when Bit 2 is set to “1”, an auto-zero 
starts immediately after the conclusion of the currently run- 
ning instruction. Bit 2 is reset automatically to a “0” and an 
interrupt flag (Bit 3, in the Interrupt Status register) is set at 
the end of the auto-zero (76 clock cycles). After completion 
of an auto-zero calibration, the Sequencer fetches the next 
instruction as pointed to by the Instruction RAM’s pointer 
and resumes execution. If the Sequencer is stopped, an 
auto-zero is performed immediately at the time requested. 
Bit 3 is the calibration bit. Writing a “1” to this bit initiates a 
complete calibration process that includes a “long” auto- 
zero offset voltage correction (this calibration averages 
eight samples of the comparator offset voltage when creat- 
ing a correction coefficient) followed by an ADC linearity 
calibration. This complete calibration is started after the cur- 
rently running instruction is completed if the Sequencer is 
running when Bit 3 is set to “1”. Bit 3 is reset automatically 
to a “0” and an interrupt flag (Bit 4, in the Interrupt Status 
register) will be generated at the end of the calibration pro- 
cedure (4944 clock cycles). After completion of a full auto- 
zero and linearity calibration, the Sequencer fetches the 
next instruction as pointed to by the Instruction RAM’s 
pointer and resumes execution. If the Sequencer is stopped, 
a full calibration is performed immediately at the time re- 
quested. 

Bit 4 is the Standby bit. Writing a "1” to Bit 4 immediately 
places the DAS in Standby mode. Normal operation returns 
when Bit 4 is reset to a “0”. The Standby command (“1”) 
disconnects the external clock from the internal circuitry, 
decreases the LM 12434 and LM12{L]438’s internal 


analog circuitry power supply current, and preserves all in- 
ternal RAM contents. After writing a “0” to the Standby bit, 
the DAS returns to an operating state identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up delay to allow the analog 
circuitry to settle. The Sequencer should be restarted only 
after the Standby completion interrupt is issued (see Note 
22). The Instruction RAM can still be accessed through read 
and write operations while the LM 12434 and LMi2{Li438 
are in Standby Mode. 

Bit 5 is the Channel Address Mask, If Bit 5 is set to a “1”, 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a “0” 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 

Bit 6 selects a “short” auto-zero correction for every con- 
version. The Sequencer automatically inserts an auto-zero 
before every conversion or “watchdog” comparison if Bit 6 
is set to “1”. No automatic correction will be performed if Bit 
6 is reset to “0”. ’ 

The DAS’ offset voltage, after calibration, has a typical drift 
of 0.1 LSB over a temperature range of -40‘’C to +85‘’C. 
This small drift is less than the variability of the change in 
offset that can occur when using the auto-zero correction 
with each conversion. This variability is the result of using 
only one sample of the offset voltage to create a correction 
value. This variability decreases when using the full calibra- 
tion mode because eight samples of the offset voltage are 
taken, averaged, and used to create a correction value. 
Therefore, it is recommended that this mode not be used. 
Bit 7 programs the SYNC pin (29) to operate as either an 
input or an output. The SYNC pin becomes an output when 
Bit 7 is a “1 ” and an input when Bit 7 is a “0”. With SYNC 
programmed as an input, the rising edge of any logic signal 
applied to pin 29 will start a conversion or “watchdog” com- 
parison. Programmed as an output, the logic level at pin 29 
will go high at the start of a conversion or “watchdog” com- 
parison and remain high until either have finished. See In- 
struction RAM “00”, Bit 8. 

Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction’s three 16-bit sections during 
read or write actions. A “00” selects Instruction RAM sec- 
tion one, “01” selects section two, and “10” selects section 
three. 

Bit 10 activates the Test mode that is used only during pro- 
duction testing. Always write “0” in this bit when program- 
ming the Instruction Register. 

Bit 11 is the Diagnostic bit and is available only In the 
LM12(L)438. It can be activated by setting it to a “1”. The 
Diagnostic mode, along with a properly chosen instruction, 
allows verification that the LM12{Ll438’s ADC is perform- 
ing correctly. When activated, the inverting and non-invert- 
ing inputs are connected as shown in Table V. As an exam- 
ple, an instruction with “001” for both IN+ and IN- while 
using the Diagnostic mode typically results in a full-scale 
output. 

6.2.3 Interrupts 

The LM 12434 and LM12{L)438 have seven possible inter- 
rupts, all with the same priority. Any of these interrupts will 
cause a hardware interrupt to appear on the INT pin (31) if 
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6.0 Operational Information (Continued) 

they are not masked (by the Interrupt Enable register). The 
Interrupt Status register is then read to determine which of 
the seven interrupts has been issued. 

The Interrupt Status register must be cleared by reading it 
after writing to the Interrupt Enable register. This removes 
any spurious interrupts on the INT pin generated during an 
Interrupt Enable register access. 

Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12434 and LM12(Ll438 are operating in the “watch- 
dog” comparison mode. Two sequential comparisons are 
made when the LM12434 and LM12{Ll438 are executing a 
“watchdog” instruction. Depending on the logic state of Bit 
9 in the Instruction RAM’s second and third sections, an 
interrupt will be generated either when the input signal’s 
magnitude is greater than or less than the programmable 
limits. (See the Instruction RAM, Bit 9 description.) The Limit 
Status register will indicate which preprogrammed limit (#1 
or #2) was crossed, and which instruction was executing 
when the limit was crossed. 

Interrupt 1 is generated when the Sequencer reaches the 
instruction counter value specified in the Interrupt Enable 
register’s bits 8-10. This flag appears before the instruc- 
tion’s execution. Instructions continue to execute as pro- 
grammed. 

Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 
stored in the Interrupt Enable register’s Bits 11-15. This 
value ranges from 00000 to 11111, with 00001 to 11111 
representing 1 to 31 conversions stored in the FIFO, and 
00000 generating an interrupt after 32 conversions. See 
Section 6.2.8 for more FIFO information. 

The completion of the short, single-sampled auto-zero cali- 
bration generates Interrupt 3. 

The completion of a full auto-zero and linearity self-calibra- 
tion generates Interrupt 4. 

Interrupt 5 is generated when the Sequencer encounters 
an instruction that has its Pause bit (Bit 1 in Instruction RAM 
“00”) set to “1”. 

Interrupt 7 is issued after a short delay (10 ms typ) while 
the DAS returns from Standby mode to active operation us- 
ing the Configuration register’s Bit 4. This short delay allows 
the internal analog circuitry to settle sufficiently, ensuring 
accurate conversion results (see Note 22). 

6.2.4 Interrupt Enable Register 

The Interrupt Enable register at address location 1001 
has READ/WRITE capability. An individual interrupt’s ability 
to produce an external interrupt at pin 31 (INT) is accom- 
plished by placing a “1” in the appropriate bit location. Any 
of the internal interrupt-producing operations will set their 
corresponding bits to “1” in the Interrupt Status register re- 
gardless of the state of the associated bit in the Interrupt 
Enable register. See Section 2.3 for more information about 
each of the eight internal interrupts. 

Bit 0 enables an external interrupt when an internal “watch- 
dog” comparison limit interrupt has taken place. 

Bit 1 enables an external interrupt when the Sequencer has 
reached the address stored in Bits 8-10 of the Interrupt 
Enable register. 

Bit 2 enables an external interrupt when the Conversion 
FIFO’s limit, stored in Bits 11-15 of the Interrupt Enable 
register, has been reached. 


Bit 3 enables an external interrupt when the single-sampled 
auto-zero calibration has been completed. 

Bit 4 enables an external interrupt when a full auto-zero and 
linearity self-calibration has been completed. 

Bit 5 enables an external interrupt when an internal Pause 
interrupt has been generated. 

Bit 6 don’t care condition. 

Bit 7 enables an external Interrupt when the LM 12434 and 
LM12{Ll438 returns from standby to active mode (see 
Note 22). 

Bits 8-10 form the storage location of the user-programma- 
ble value against which the Sequencer’s address is com- 
pared. When the Sequencer reaches an address that is 
equal to the value stored in Bits 8-10, an internal interrupt 
Is generated and appears in Bit 1 of the Interrupt Status 
register. If Bit 1 of the Interrupt Enable register is set to “1”, 
an external interrupt will appear at pin 31 (INT). 

The value stored in bits 8-10 ranges from 000 to 1 1 1 , rep- 
resenting 1 to 8 instructions stored in the Instruction RAM. 
After the Instruction RAM has been programmed and the 
RESET bit is set to “1 ”, the Sequencer is started by placing 
a “1” in the Configuration register’s START bit. Setting the 
INT 1 trigger value to 000 does not generate an INT 1 the 
first time the Sequencer retrieves and decodes Instruction 
000. The Sequencer generates INT 1 (by placing a “1” In 
the Interrupt Status register’s Bit 1) the second time and 
every subsequent time that the Sequencer encounters In- 
struction 000. It is important to remember that the Sequenc- 
er continues to operate even if an Instruction interrupt (INT 
1) is internally or externally generated. The only mecha- 
nisms that stop the Sequencer are an instruction with the 
PAUSE bit set to “1” (halts before instruction execution), 
placing a “0” in the Configuration register’s START bit, or 
placing a “1” in the Configuration register’s RESET bit. 

Bits 11-15 hold the number of conversions that must be 
stored in the Conversion FIFO in order to generate an inter- 
nal interrupt. This internal interrupt appears in Bit 2 of the 
Interrupt Status register. If Bit 2 of the Interrupt Enable reg- 
ister is set to “1 ”, an external interrupt will appear at pin 31 
(INT). 

6.2.5 Interrupt Status Register 

This read-only register is located at address 1010. The cor- 
responding flag In the Interrupt Status register goes high 
(“1”) any time that an interrupt condition takes place, 
whether an interrupt is enabled or disabled in the Interrupt 
Enable register. Any of the active (“1 ”) Interrupt Status reg- 
ister flags are reset to “0” whenever this register is read or 
a device reset is issued (see Bit 1 in the Configuration Reg- 
ister). 

Bit 0 Is set to “1” when a “watchdog” comparison limit 
interrupt has taken place. 

Bit 1 is set to “1” when the Sequencer has reached the 
address stored in Bits 8-10 of the Interrupt Enable register. 
Bit 2 is set to “1” when the Conversion FIFO’s limit, stored 
in Bits 11-15 of the Interrupt Enable register, has been 
reached. 

Bit 3 is set to “1” when the single-sampled auto-zero has 
been completed. 

Bit 4 is set to “1” when an auto-zero and full linearity self- 
calibration has been completed. 

Bit 5 is set to “1 ” when a Pause interrupt has been generat- 
ed. 



1-73 


LM12434/LM12(L|438 




LM12434/LM12{L}438 
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Bit 6 no interrupt is associated with this bit. Don’t care con- 
dition. 

Bit 7 is set to “1” when the DAS returns from standby to 
active mode (see Note 22). 

Bits 8-10 hold the Sequencer’s current instruction number 
while it is running. 

Bits 11-15 hold the current number of conversion results 
stored in FIFO but have not been read by the user. After 
each conversion, the result will be stored in the FIFO and 
the contents of these bits incremented by one. Each single 
read from FIFO decrements the contents of these bits by 
one. If more than 32 conversion results being stored in FIFO 
the numbers on these bits roll over from “11111” to 
“00000” and continue incrementing. If reads are performed 
from FIFO more than the number of conversions stored in it, 
the contents of these bits roll back from “00000” to 
“11111” and continue decrementing. 

6.2.6 Limit Status Register 

This read-only register is located at address 1101. This reg- 
ister is used in tandem with the Limit #1 and Limit #2 regis- 
ters in the Instruction RAM. Whenever a given instruction’s 
input voltage exceeds the limit set in its corresponding Limit 
register (#1 or #2) a bit corresponding to the instruction 
number is set in the Limit Status register. Any of the active 
(“1 ”) Limit Status flags are reset to “0” whenever this regis- 
ter is read or a device reset is issued (see Bit 1 in the Con- 
figuration register). This register holds the status of limits 
#1 and #2 for each of the eight instructions. 

Bits 0-7 show the Limit # 1 status. Each bit will be set high 
(“1”) when the corresponding instruction’s input voltage ex- 
ceeds the threshold stored in the instruction’s Limit #1 reg- 
ister. When, for example, instruction 3 is a “watchdog” op- 
eration (Bit 1 1 is set high) and the input for instruction 3 
meets the magnitude and/or polarity data stored in instruc- 
tion 3’s Limit # 1 register. Bit 3 in the Limit Status register 
will be set to a “1”. 

Bits 8-15 show the Limit #2 status. Each bit will be set 
high (“1”) when the corresponding instruction’s input volt- 
age exceeds the threshold stored in the instruction’s Limit 
#2 register. When, for example, the input to instruction 6 
meets the value stored in instruction 6’s Limit #2 register. 
Bit 14 in the Limit Status register will be set to a “1”. 

6.2.7 Timer 

The LM 12434 and LM12{Ll438 have an on-board 16-bit 
timer that includes a 5-bit pre-scaler. It uses the clock signal 
applied to pin 23 as its input. It can generate time intervals 
of 0 through 221 clock cycles in steps of 2^. This time inter- 
val can be used to delay the execution of instructions. It can 
also be used to slow the conversion rate when converting 
slowly changing signals. This can reduce the amount of re- 
dundant data stored in the FIFO and retrieved by the con- 
troller. 

The user-defined timing value used by the Timer is stored in 
the 16-bit READ/WRITE Timer register at location 101 1 and 
is pre-loaded automatically. Bits 0-7 hold the preset value’s 
low byte and Bits 8-15 hold the high byte. The Timer is 


activated by the Sequencer only If the current instruction’s 
Bit 9 is set (“1”). If the equivalent decimal value “N” 
(0 ^ N ^ 216 - 1) is written inside the 16-bit Timer register 
and the Timer is enabled by setting an instruction’s bit 9 to a 
“1 ”, the Sequencer will delay that instruction’s execution by 
halting at state 3 (S3), as shown in Figure 1 1, for 32 x N + 
2 clock cycles. 

6.2.8 FIFO 

The result of each conversion is stored in an internal read- 
only FIFO (First-In, First-Out) register. It is located at ad- 
dress 1100. This register has 32 16-bit wide locations. Each 
location holds 13 bits of conversion data. Bits 0-3 hold the 
four LSBs in the 12 bits + sign mode or “1 110” in the 8 bits 
+ sign mode. Bits 4-11 hold the eight MSBs and Bit 12 
holds the sign bit. Bits 13-15 can hold either the sign bit, 
extending the register’s two’s complement data format to a 
full sixteen bits or the instruction address that generated the 
conversion and the resulting data. These modes are select- 
ed according to the logic state of the Configuration regis- 
ter’s Bit 5. 

The FIFO status should be read In the Interrupt Status regis- 
ter (Bits 11-15) to determine the number of conversion re- 
sults that are held in the FIFO before retrieving them. This 
will help prevent conversion data corruption that may take 
place if the number of reads are greater than the number of 
conversion results contained in the FIFO. Trying to read the 
FIFO when it is empty may corrupt new data being written 
into the FIFO. Writing more than 32 conversion results into 
the FIFO by the ADC results in loss of the first conversion 
results. Therefore, to prevent data loss, it is recommended 
that the LM 12434 and LM12{Ll438’s interrupt capability be 
used to inform the system controller that the FIFO is full. 
Bits 0-12 hold 12-bit + sign conversion data. Bits 0-3 will 
be 1110 when using 8-bit plus sign resolution. 

Bits 13-15 hold either the instruction responsible for the 
associated conversion data or the sign bit. Either mode is 
selected with Bit 5 in the Configuration register. 

Using the FIFO’s full depth is achieved as follows. Set the 
value of the Interrupt Enable registers’s Bits 11-15 to 
00000 and the Interrupt Enable register’s Bit 2 to a “1 ”. This 
generates an external interrupt when the 31st conversion is 
stored in the FIFO. This gives the host processor a chance 
to send a “0” to the LM 12434 and LM12(L}438’s Start bit 
(Configuration register) and halt the ADC before it com- 
pletes the 32nd conversion. The Sequencer halts after the 
current (32) conversion is completed. The conversion data 
is then transferred to the FIFO and occupies the 32nd loca- 
tion. FIFO overflow is avoided if the Sequencer is halted 
before the start of the 32nd conversion by placing a “0” In 
the Start bit (Configuration register). It is important to re- 
member that the Sequencer continues to operate even if 
a FiFO interrupt (INT 2) is internaily or externaiiy gener- 
ated. The only mechanisms that stop the Sequencer are an 
instruction with the PAUSE bit set to “1” (halts before in- 
struction execution), placing a “0” in the Configuration reg- 
ister’s START bit, or placing a “1” in the Configuration reg- 
ister’s RESET bit. 
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6.0 Operational Information (Continued) 

6.3 INSTRUCTION SEQUENCER 

The Sequencer uses a 3-bit counter (Instruction Pointer, or 
IP) to retrieve the programmable conversion instructions 
stored in the Instruction RAM. The counter is reset to 000 
during chip reset or if the current executed instruction has 
its Loop bit (Bit 1 in any Instruction RAM “00”) set high 
(“1”). It increments at the end of the currently executed 
instruction and points to the next instruction. It will continue 
to increment up to 111 unless an instruction’s Loop bit is 
set. If this bit is set, the counter resets to “000” and execu- 
tion begins again with the first instruction. If all instructions 
have their Loop bit reset to “0”, the Sequencer will execute 
all eight instructions continuously. Therefore, it is important 
to realize that if less than eight instructions are pro- 
grammed, the Loop bit on the last instruction must be set. 
Leaving this bit reset to “0” allows the Sequencer to exe- 
cute “unprogrammed” instructions, the results of which may 
be unpredictable. 

The Sequencer’s Instruction Pointer value is readable at 
any time and is found in the Status register at Bits 8-10. 
Figure 10 illustrates the instruction execution flow as per- 
formed by the sequencer. The Sequencer can go through 
eight states during instruction execution: 

State 0: The current instruction’s first 16 bits are read 
from the Instruction RAM “00”. This state is one clock cycle 
long. 

State 1: Checks the state of the Calibration and Start bits. 
This is the “rest” state whenever the Sequencer is stopped 
using the reset, a Pause command, or the Start bit is reset 
low (“0”). When the Start bit is set to a “1 ”, this state is one 
clock cycle long. 


State 2: Perform calibration. If bit 2 or bit 6 of the Configu- 
ration register is set to a “1 ”, state 2 is 76 clock cycles long. 
If the Configuration register’s bit 3 is set to a “1”, state 2 is 
4944 clock cycles long. 

State 3: Run the internal 16-bit Timer. The number of 
clock cycles for this state varies according to the value 
stored in the Timer register. The number of clock cycles is 
found by using the expression below 
32T + 2 

where 0 ^ T ^ 216 -1. 

State 7: Sample the input signal and read Limit #1’s val- 
ue if needed. The number of clock cycles for acquiring the 
input signal in the 12-bit + sign mode varies according to 
9 + 2D 

where D is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM “00” and is limited to 0 ^ D ^ 
15 . 

The number of clock cycles for acquiring the input signal in 
the 8-bit + sign or “watchdog” mode varies according to 
2 + 2D 

State 6: Perform first watchdog comparison. This state is 
5 clock cycles long. 

State 4: Read Limit #2. This state is 1 clock cycle long. 
State 5: Perform a conversion or second watchdog com- 
parison. This state takes 44 clock cycles for a 12-bit + sign 
conversions or 21 clock cycles for a 8-bit + sign conver- 
sions. The “watchdog” comparison mode takes 5 clock cy- 
cles. 
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7.0 Digital Interface 

In order to read from or write to the registers of the 
LM12434 and LM12{L)438 a very flexible serial synchro- 
nous interface is provided. Communication between the 
LM12434 and LM12{Ll438 and microcontrollers, micro- 
processors and other circuitry is accomplished through this 
serial interface. The serial interface is designed to directly 
communicate with synchronous serial interface of the most 
popular microprocessors and |2C serial protocol with no ad- 
ditional hardware required. The interface has been also de- 
signed to accommodate easy and straightfonvard software 
programming. 

The LM12434 and LM12(L]438 supports four selectable 
protocols as shown In Table VI. The MODESEL1 and 
MODESEL2 inputs select the desired protocol. These pins 
are normally hardwired for a selected protocol, but they can 
also be controlled by the system in case a protocol change 
within the system is required. P1 -P5 are multi-function seri- 
al interface input or output pins that have different assign- 
ments depending on the selected interface mode. 

The “Standard” interface mode uses a simple shift register 
type of serial data transfer. It supports several microcontrol- 
lers’ serial synchronous protocols, including: National Semi- 
conductor’s MICROWIRE/PLUS, Motorola’s SPI, QSPI, and 
Hitachi’s synchronous SCI. Section 7.1.1 shows general 
block diagrams of how the serial DAS, configured in the 
Standard Interface Mode, can be connected to the HPC and 
68HC1 1 . Also, detailed assembly routines are included for 
single writes, single reads and burst read operations. 

The “8051 ” mode supports the synchronous serial interface 
of the 8051 family of microcontrollers (8051 serial interface 
Mode 0). It is also compatible with the serial interface in the 
MCS-96 family of 16-blt microcontrollers. Section 7.2.1 
shows a general block diagram of how the serial DAS, con- 
figured in the 8051 Interface Modes can be connected to 
the 8051 family of /jlCs. Also, detailed assembly routines for 
a single write, single read and burst read operations are 
included. 

The “TMS320” mode is designed to directly interact with 
the serial interface of the TMS320C3x and TMS320C5x 
families of digital signal processors. This interface is also 
compatible with the similar serial interfaces on the 
DSP56000 and the ADSP2100 families of DSP processors. 
Section 7.3.1 shows a general block diagram of how the 
serial DAS, configured in the TMS320 interface mode, can 
be connected to the TMS320C3x family of DSP processors. 
Also, detailed assembly routines for a single write, single 
read and burst read operations are included. 


The “|2C” mode supports the Philips’ |2C bus specification 
for both the standard (100 kHz maximum data rate) and the 
fast (400 kHz maximum data rate) modes of operation. The 
DAS behaves as a slave device on the |2C bus and receives 
and transmits the information under the control of a bus 
master. Section 7.4.1 shows a general block diagram of 
how the serial DAS, configured in the |2C Interface mode, 
can be connected to an |2C bus using an |2C controller 
(PCD8584). 

All the serial interface modes allow for three basic types of 
data transfer; these are single write, single read and burst 
read. In a single write or read, 16 bits (2 bytes) of data is 
written to or read from one of the registers inside the DAS. 
In a burst read, multiple reads are performed from one regis- 
ter without having to repeatedly send the control and regis- 
ter address information for each read. The burst read can 
be performed on any LM12434 and LM12{Ll438’s register, 
however it is primarily provided for multiple reads from the 
FIFO register (one address, 32 locations), where a se- 
quence of conversion results is stored. 

7.1 STANDARD INTERFACE MODE 

The standard interface mode is a simple shift register type 
of serial data transfer. The serial clock synchronizes the 
transfer of data to and from the LM 12434 and LM12{L]438. 
The interface uses 4 lines: 2 data lines (Dl and DO), a serial 
clock line (SCLK) and a chip-select (CS) line. More than one 
device can share the data and serial clock lines provided 
that each device has Its own chip-select line. 

The LM 12434 and LM12{Ll438 standard mode is selected 
when the MODESEL1 and MODESEL2 pins, have the logic 
state of “01”. Figure shows a typical connection diagram 
for the LM12434 and LM12{Ll438 standard mode serial 
interface. The CS, Dl, DO, and SCLK lines are respectively 
assigned to interface pins P2 through P5. The PI pin is 
assigned to a signal called R/F (Rise/Fall). The logic level 
on this pin specifies the polarity of the serial clock: 

— If R/F = 1 , data is shifted after falling edge and is stable 
and captured at the rising edge of the SCLK. 

— If R/F = 0, data is shifted after rising edge and is stable 
and captured at the falling edge of the SCLK. 


TABLE VI. LM 12434 and LM12|L)438 Interface Modes and Pin Assignments 





PI 

P2 

P3 


P5 

Standard 

0 

1 

R/F 

CS 

Dl 

DO 

SCLK 

8051 

0 

0 

1* 

r 

CS 


TXD 


1 

1 

FSR 

FSX 

DX 

DR 

CLK 


1 

0 


Slave ADI 

Slave AD2 

SDA 

SCL 


* Internally pulled-up 
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7.0 Digital Interface (Continued) 

In both cases the data transfer is insensitive to idle state of 
the SCLK. SCLK can stay at either logic level high or low 
when not clocking (see Figure 1 1) 

Data transfer in this mode is basically byte-oriented. This is 
compatible with the serial interface of the target microcon- 
trollers and microprocessors. As mentioned, the LM12434 
and LM12{Ll438 have three different communication cy- 
cles: write cycle, read cycle and burst read cycle. At the 
start of each data transfer cycle, “command byte” is written 
to the serial DAS, followed by write or read data. The com- 
mand byte informs the LM 12434 and LM12(Ll438 about 
the communication cycle. The command byte carries the 
following information: 

— what type of data transfer (communication cycle) is start- 
ed 

— which device register to be accessed 
The command byte has the following format: 



Note that the first bit may be either the MSB or the LSB of 
the byte depending on the processor type, but it must be the 
first bit transmitted to the LM 12434 and LM12{Ll438. 
Figure 1 1 shows the timing diagrams for different communi- 
cation cycles. Figures 1 1a, b, c, d show write cycles for 
various combinations of R/F pin logic level and SCLK idle 
state. Figures 1 1e, f, g, h show read cycles for similar sets 
of conditions. Figure 1 1i shows a burst read cycle for the 
case of R/F = 0 and low SCLK idle state. Note that these 
timing diagrams depict general relationships between the 
SCLK edges, the data bits and CS. These diagrams are not 
meant to show guaranteed timing. (See specification tables 
for parametric switching characteristics.) 

Write cycle: A write cycle begins with the falling edge of 
CS. Then a command byte is written to the DAS on the Dl 
line synchronized by SCLK. The command byte has the 
R/W and B bits equal to zero. Following the command byte, 
16 bits of data (2 bytes) is shifted in on the same Dl line. 


This data is written to the register addressed in the com- 
mand byte (A3, A2, A1 , AO). The data is interpreted as MSB 
or LSB first based on the logic level of the 7th bit (MSB/ 
LSB) in the command byte. There is no activity on the DO 
line during write cycles and the DAS leaves the DO line in 
the high impedance state. C§ will go high after the transfer 
of the last bit, thus completing the write cycle. 

Read cycle: A read cycle starts the same way as a write 
cycle, except that the command byte’s R/W bits equal to 
one. Following the command byte, the DAS outputs the 
data on the DO line synchronized with the microcontroller’s 
SCLK. The data is read from the register addressed In the 
command byte. Data is shifted out MSB or LSB first, de- 
pending on the logic level of the MSB/LSB bit. The logic 
state of the Dl line is “don’t care” after the command byte. 
CS will go high after the transfer of the last data bit, then 
completing the read cycle. 

Burst read cycle: A burst read cycle starts the same way 
as a single read cycle, but the B bit in the command byte is 
set to one. Indicating a burst read cycle. Following the com- 
mand byte the data is output on the DO line as long as the 
DAS receives SCLK from the system. To tell the DAS when 
a burst read cycle is completed pull CS high after the 8th 
and before the 15th SCLK cycle during the last data byte 
transfer (see Figure 11 i). After CS high is detected and the 
last data bit is transferred, the DAS is ready for a new com- 
munication cycle to begin. 

The timing diagrams in Figure 1 1 show the transfer of data 
in packets of 8 bits (bytes). This represents the way the 
serial ports of most microcontrollers and microprocessors 
produce serial clock and data. The DAS does not require a 
gap between the first and second byte of the data; 1 6 con- 
tinuous clock cycles will transfer the data word. However, 
there should be a gap equal to 3 CLK (the DAS main clock 
input, not the SCLK) cycles between the end of the com- 
mand byte and the start of the data during a read cycle. This 
is not a concern in most systems for two reasons. First, the 
processor generally has some inherent gap between byte 
transfers. Second, the SCLK frequency is usually signifi- 
cantly slower than the CLK frequency. For example, a 
68HC1 1 processor with an 8 MHz crystal generates a maxi- 
mum SCLK frequency of 1 MHz. If the DAS is running with a 
6 MHz CLK, there are 6 cycles of CLK within each cycle of 
SCLK and the requirement is satisfied even if SCLK oper- 
ates continuously during and after the command byte. 
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FIGURE 11. Timing Diagrams for LM12434 and LM12[Ll438 Standard Serial Interface 
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FIGURE 11. Timing Diagrams for LM12434 and LM12(L}438 Standard Serial Interface (Continued) 
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FIGURE 11. Timing Diagrams for LM12434 and LM12{Ll438 Standard Serial Interface (Continued) 
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7.0 Digital Interface (Continued) 


■7:^ r From Systemi 
L to DAS J 


Serial Clock 
. to DAS 


] jiniuuuiiULjin^^ 




' DAS Internal 
Register Address 


r Serial Data I 
L From DAS J 


Read/Write Bit 
"1" for Read 


High Impedance 


"1" MSB 1st 
"0" LSB 1st 


(g) Read Cycle, R/F Input (P1) = 0 

Idle State of SCLK = 0, Data Stable at Falling Edge and Shifted at Rising Edge of the SCLK 


fFrom System*! “\ F" 

L to DAS J \ ( 

SCLK [““ri "inruinfijuu uiniuifijuu innnjinnjiiT 

If DAS Internal ‘ | II II II Ml 

I Register Address ill Mil Ml 


t “ DAS Internal t | • 

I Register Address I i I 

Start Bit = 1 Burst Bit = 0 I 

Read/Write Bit "1" MSB 1st ' I 

"1" for Read "0" LSB 1st ' I 


PJPI [* Serial Data 1 
L From DAS J 


High Impedance 



D15 Vbf4Vbl3Vbl2YD1lVbl0YD9YD8Y ^ 06 ^ 05 ^ 0 *^ 03 ^ 02 ^ 0 :^ DO 


DO AoiAD2AD3A04AD5AD6AD7A 


AD9AD10AD11AP12AD13AD14A D15 


(h) Read Cycle, R/F Input (P1) = 0 

Idle State of SCLK = 1, Data Stable at Falling Edge and Shifted at Rising Edge of the SCLK 


FIGURE 11. Timing Diagrams for LM12434 and LM12{L|438 Standard Serial Interface (Continued) 
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From System I 
to DAS J 


Serial Clock 
to DAS 


] jinnnnnmLJifiJiJinmin-JUUifiJifiJ^ 


Jerial Data I 
to DAS J 


Serial Data 
From DAS . 



‘ DAS Internal 
Register Address 


Read/Write Bit "1" MSB 1st 
"I" for Read "O" LSB 1st 


High Impedance 


ifoi4YDi3Ybi2YDi iYdioY°®Y°®Y Y°® Y°^ Y°^ Y°^ Y°^ Y Y °° Y 

\diAd2Ad3Ad4Ad5Ad6 Ad7A D8 KdB DO 


1st Data Byte, 1st Word 


2nd Data Byte, 1st Word 


1st Data Byte, 2nd Word 2nd Data Byte, 2nd Word 


CS (Cent.) ' 


SCLK (Cent.) ■ 


uinfumnjuLJiJiJuuiJinjLjm^ 


Dl (Cont.) - 


DO (Cont.) ' 


1st Data Byte, (N-l)th Word 


2nd Data Byte, (N-l)th Word 


1st Data Byte. Nth (Last) Word 


2nd Data Byte, Nth (Last) Word 


(i) Burst Read Cycle, R/F Input (PI) =1 

Idle State of SCLK = 0, Data Stable at Rising Edge and Shifted at Faiiing Edge of the SCLK 
FIGURE 11. Timing Diagrams for LM12434 and LM12{Ll438 Standard Serial Interface (Continued) 
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7.0 Digital Interface (Continued) 

7.1.1 Examples of Interfacing to the HPC’s MICROWIRE/PLUS and 68HCirs SPI 


HPCTM 
Family of 
Microcontrollers 


General r 
Purpose < 
Parallel Port L 


Serial 

Port 


50 

51 
SK 


+ 5V cH 


LM12434/ 

LM12{L}438 

M0DESEL1 

M0DESEL2 

P1(R/F) 

P2(^) 

P3(DI) 

P4(D0) 

P5(SCLK) 


Data 


Clock -► 


Note: Other device pins are not shown. 


To other 
Peripherals 


TL/H/1 1879-65 


FIGURE 12a. LM12434 and LM12{L|438 Standard Mode Interface to the HPC’s MICROWIRE/PLUStm 


68HC11 
Family of 
Microcontrollers 


General r 
Purpose < 
Parallel Port I 


Serial 

Port 


'MOSI 
MISO 
^ SCK 


Data 

Data 

Clock 


LM 12434/ 
LM12{L}438 








+ 5V O- 

MUUuOuL 1 

M0DESEL2 

+5V or GND 0- 

P1(R/F) 

P2(^) 

Dx^ni^ 



— 




— 

rO 

DA(r\ri\ 



I 

n 

r4 

P5(SCLK) 


Note: Other device pins are not shown. 




To other 
Peripherals 


TL/H/1 1879-66 


FIGURE 12b. LM12434 and LM12[L}438 Standard Mode Interface to the 68HC11’s SPI 
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7.0 Digital Interface (Continued) 


HPC Assembly Code Example 


THE HPC MICROCONTROLLER ASSEMBLY SUBROUTINES FOR INTERFACE TO THE LM12434 AND LM12jLH3a 
SERIAL DATA ACQUISITION SYSTEM (SDAS) CHIP. 


HPC's CONTROL REGISTER ADDRESSES SYMBOLIC DEFINITIONS, USED IN 
INTERFACE ROUTINES 


A 

= 

0X00C8 

B 

= 

OxOOCC 

K 


OxOOCA 

X 


OxOOCE 

PORTB 

= 

0X00E2 

IRPD 

= 

0X00D2 

SIO 

= 

0X00D6 

AL 


oxooca 

AH 

=. 

OXOOC9 

UWDONE 

= 

0x00 


ACCUMULATOR 

B REGISTER 

K REGISTER 

X REGISTER 

PORT B DATA REGISTER 

INTERRUPT PENDING REGISTER 

MICROWIRE INPUT/OUTPUT SHIFT REGISTER 

ACCUMULATOR LOW ORDER BYTE 

ACCUMULATOR HIGH ORDER BYTE 

SYMBOL FOR BIT-0 IN IRPD REGISTER TO TEST 

THE END OF MICROWIRE TRANSFER 


**************************************************************************** 

SERIAL DAS RELATED REGISTERS, CONSTANTS AND MEMORY BLOCK BASE ADDRESSES 
SYMBOLIC DEFINITIONS 

**************************************************************************** 


RINSTRO 

= 

0xC2 

WINSTRO 

= 

0x82 

RINSTRl 

= 

0xC6 

WINSTRl 

= 

0x86 

RINSTR2 

= 

OxCA 

WINSTR2 

= 

0x8A 

RINSTR3 

= 

OxCE 

WINSTR3 

= 

0x8E 

RINSTR4 

= 

0xD2 

WINSTR4 

= 

0x92 

RINSTR5 

= 

0XD6 

WINSTR5 

= 

0x96 

RINSTR6 

= 

OxDA 

WINSTR6 

= 

0x9A 

RINSTR7 

= 

OxDE 

WINSTR7 

= 

0X9E 


SERIAL DAS INSTRUCTION RAM AND LIMITS 1 & 2 
READ AND WRITE CONTROL BYTES. THESE BYTES 
CONTAIN THE ADDRESS OF THE SDAS REGISTER, THE 
READ/WRITE BIT AND THE MSB/LSB BIT 
PREDEFINED. 


RCONFIG = 0xE2 
WCONFIG = 0XA2 
RINTEN = 0xE6 
WINTEN = 0xA6 
RINTSTAT= OXEA 
RTIMER = OxEE 
WTIMER = OxAE 
RSFIFO = 0xF2 
RBFIFO = 0xF3 
RLMTSTAT= 0xF6 


:SDAS CONFIGURATION REG. READ CONTROL BYTE. 

SDAS CONFIGURATION REG. . WRITE CONTROL BYTE. 
■SDAS INTERRUPT ENABLE REG. READ CONTROL BYTE. 
■SDAS INTERRUPT ENABLE REG. WRITE CONTROL BYTE. 
■SDAS INTERRUPT STATUS REG. READ CONTROL BYTE. 
SDAS TIMER REG. READ CONTROL BYTE. 

■SDAS TIMER REG. WRITE CONTROL BYTE. 

SDAS FIFO , SINGLE READ CONTROL BYTE. 

SDAS FIFO , BURST READ CONTROL BYTE. 

SDAS LIMIT STATUS REG. READ CONTROL BYTE. 


BASICS = OxOX 


;BIT-X OF HPC PORT B USED FOR SDAS CHIP 
; SELECT . 


DATA_BLK= OxXXXX 

DATA_BUF- OxXXXX 
CNTRL_BUF= OxXXXX 

RSLT_NUM= OxXXXX 


SYMBOLIC STARING ADDRESS OF THE DATA BLOCK 
IN SYSTEM MEMORY, USED TO STORE THE 
CONVERSION RESULTS READ FROM FIFO IN BURST 
READ ROUTINE. 

SYMBOLIC ADDRESS FOR A 16 BIT DATA BUFFER 
SYMBOLIC ADDRESS FOR AN 8 BIT BUFFER USED 
IN ROUTINES FOR CONTROL BYTE. 

SYMBOLIC DEFINITION FOR THE NUMBER OF 
RESULTS TO BE READ FROM FIFO IN BURST READ 


SERIAL DAS READS AND WRITES ARE PERFORMED BY SUBROUTINES SER_WR & SER_RD, 
THESE ROUTINES USE THE CNTRL_BUF REGISTER AS CONTROL INPUT AND THE DATA_BUF 
REGISTER AS DATA BUFFER, FOR WRITES DATA IS LOADED IN THE DATA_BUF REG. AND 
FOR READS DATA RETURNS IN THE DATA BUF REGISTER. 


******** 


*********** 


*************** 


TL/H/1 1879-56 
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7.0 Digital Interface (continued) 




HPC Assembly Code Example (Continued) 



AN EXAMPLE OF A WRITE TO CONFIGURATION REGISTER: 



LD 

CNTRL BUF.B,#WCONFIG 

/CONFIGURATION REG. WRITE COMMAND 





/LOADED IN THE CNTRL BUF. 



LD 

DATA_BUF .W, #0X0002 

/DATA LOADED ON THE DATA BUF REG. RESET SDAS, 





/PAUSE=1, RAM POINTER=00. 



JSR 

SER_WR 

/CALLING SER_WR FOR DATA TRANSFER. 



AN EXAMPLE OF A READ FROM CONFIGURATION REGISTER: 



LD 

B.B,#RCONFIG 

/CONFIGURATION REG. READ COMMAND 





/LOADED IN THE CNTRL BUF. 



JSR 

SER_RD 

/CALLING SER_RD FOR DATA TRANSFER. 



.*****★******* 


★ ★All'*#*****************************'** 



DATA WRITE SUBROUTINE "SER WR", FOR SERIAL I/O TRANSFER OF DATA BETWEEN THE 



HPC AND THE 

SERIAL DAS WITH uW SERIAL 

INTERFACE. BEFORE CALLING THE ROUTINE, 



THE DATA TRANSFER CONTROL BYTE SHOULD 

BE LOADED IN THE CNTRL BUF AND THE 



DATA TO BE WRITTEN TO THE SDAS SHOULD 

BE LOADED IN THE DATA BUF. 



************* 


****«*****i«r*4r******«******«***#***«-** 


SER WR : 





RBIT 

DAS_CS,PORTB.B 

/RESET THE PORT B BIT-X TO SELECT 
/THE SDASl. 



LD 

SIO.B,CNTRL_BUF.B 

/LOAD THE CONTROL BYTE TO HPC's SIO 
/REGISTER, BYTE TRANSFER IS STARTED. 


WAITl: IFBIT 

uWDONE, IRPD.B 

/WAIT AND CHECK THE uWDONE BIT FOR 



JP 

WBYTEl 

/COMPLETION OF DATA TRANSFER. WHEN DONE, 



JP 

WAITl 

/GO AHEAD FOR FIRST DATA BYTE TRANSFER. 


WBYTEl : LD 

SIO.B, (DATA BUF+1) .B 

/LOAD HIGH ORDER BYTE OF DATA TO SIO 





/REGISTER, TRANSFER IS STARTED. 


WAIT2: IFBIT 

uWDONE, IRPD.B 

/WAIT AND CHECK THE uWDONE BIT FOR 



JP 

WBYTE2 

/COMPLETION OF DATA TRANSFER. WHEN DONE, 



JP 

WAIT2 

/GO AHEAD FOR SECOND DATA BYTE TRANSFER. 


WBYTE2 : LD 

SIO.B, DATA_BUF.B 

/LOAD LOW ORDER BYTE OF DATA TO SIO 





/REGISTER, TRANSFER IS STARTED. 


WAIT3 : IFBIT 

uWDONE, IRPD.B 

/WAIT AND CHECK THE uWDONE BIT FOR 



JP 

WDONE 

/COMPLETION OF DATA TRANSFER. WHEN DONE, 



JP 

WAIT3 

/DESELECT THE SDAS AND RETURN. 


WDONE: SB IT 

DAS CS,PORTB.B 

/SET THE BIT TO DESELECT THE SDAS. 



RET 


/RETURN FROM SUBROUTINE. 



************* 


**********************************tt** 



DATA READ SUBROUTINE "SER_RD" , FOR SERIAL I/O TRANSFER OF DATA BETWEEN THE 



HPC AND THE 

SERIAL DAS WITH uW SERIAL 

INTERFACE. BEFORE CALLING THE ROUTINE, 



THE DATA TRANSFER CONTROL BYTE SHOULD 

BE LOADED IN THE CNTRL BUF AND THE 



DATA IS LOADED IN THE DATA BUF UPON RETURN FROM SUBROUTINE. 



************* 




SER_RD : 





RBIT 

DAS CS,PORTB.B 

/RESET THE PORT B BIT-X TO SELECT 





/THE SDASl. 



LD 

SIO.B, CNTRL_BUF.B 

/LOAD THE CONTROL BYTE TO HPC's SIO 
/REGISTER, BYTE TRANSFER IS STARTED. 


WAIT4 • IFBIT 

uWDONE, IRPD.B 

/WAIT AND CHECK THE uWDONE BIT FOR 



JP 

RBYTEl 

/COMPLETION OF DATA TRANSFER. WHEN DONE, 



JP 

WAIT4 

/GO AHEAD FOR FIRST DATA BYTE TRANSFER. 


RBYTEl : LD 

SIO.B, #0x00 

/LOAD THE SIO REGISTER WITH ZERO, 





/THIS IS JUST A DUMMY LOAD TO START 
/THE DATA TRANSFER 


WAITS: IFBIT 

UWDONE, IRPD.B 

/WAIT AND CHECK THE uWDONE BIT FOR 



JP 

RBYTE2 

/COMPLETION OF DATA TRANSFER. WHEN DONE, 



JP 

WAITS 

/GO AHEAD FOR SECOND DATA BYTE TRANSFER. 


RBYTE2 ; LD 

(DATA_BUF+1) .B, SIO.B 

/LOAD HIGH ORDER BYTE OF THE DATA_BUF REGISTER 





/WITH DATA JUST READ FROM SDAS. 



LD 

SIO.B, #0x00 

/LOAD THE SIO REGISTER WITH ZERO, 

/THIS IS JUST A DUMMY LOAD TO START 

TL/H/1 1879-57 
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7.0 Digital Interface (Continued) 


WAIT6 : 


IFBIT 

JP 

JP 


UWDONE, IRPD.B 

RDONE 

WAIT6 


RDONE : LD DATA_BUF . R . S I 0 . B 

SBIT DAS_CS , PORTS . B 

RET 


HPC Assembly Code Example (Continued) 

;THE DATA TRANSFER 

;WAIT AND CHECK THE uWDONE BIT FOR 
.•COMPLETION OF DATA TRANSFER. WHEN DONE, 

;LOAD THE READ DATA TO AL, DESELECT THE 
;SDAS AND RETURN. 

;LOAD LOW ORDER BYTE OF THE DATA_BUF REGISTER 
;WITH THE DATA JUST READ FROM SDAS . 

;SET THE BX TO DESELECT THE SDAS. 

/RETURN FROM SUBROUTINE. 


FIFO BURST READ SUBROUTINE ''RD_FIFO" , USED FOR READING THE CONVERSION RESULTS 
FROM FIFO IN BURST READ MODE. DATA IS READ FROM FIFO AND STORED IN THE 
SYSTEM MEMORY STARTING FROM THE DATA_BLK ADDRESS. NUMBER OF CONVERSION 
RESULTS BEING READ IS RSLT_NUM WHICH IS LOADED IN THE X REGISTER. IT IS ASSUMED 
THAT THE HPC IS USING 16 BIT DATA BUS. 


RD_FIFO; 

LD 

LPFIFO: 

LD 


RBIT 

LD 

WAIT?: IFBIT 

JP 
JP 

MSBYTE: LD 

WAITS: IFBIT 

JP 
JP 

LSBYTE: LD 

LD 


DECSZ 

JP 

SBIT 

WAIT9: IFBIT 

JP 
JP 

CMPLT : LD 

XS 
JP 
RET 


BK.W, #DATA_BLK, # (DATA_BLK+2 *RSLT_NUM- 1 ) 

/SET B FOR STARTING ADDRESS OF MEMORY 
/AND K FOR ENDING ADDRESS MINUS ONE 


X.W, ttRSLY_NUM 


DAS_CS, PORTB.B 

SIO.B,#RBFIFO 

uWDONE, IRPD.B 

MSBYTE 

WAIT? 


A COUNTER TO KEEP TRACK OF ft OF FIFO 
READS FOR TERMINATION OF BURST MODE 
BY PULLING THE CHIP SELECT HIGH DURING 
THE LAST READ CYCLE AND BEFORE THE 
14TH CLOCK EDGE. 

RESET THE PORT B BIT-X TO SELECT 
THE SDAS. 

LOAD THE BURST FIFO READ CONTROL BYTE 
TO SIO REG. BYTE TRANSFER IS STARTED. 
WAIT AND CHECK THE uWDONE BIT FOR 
COMPLETION OF DATA TRANSFER. WHEN DONE, 
GO AHEAD FOR FIRST DATA BYTE READ. 


SIO. B, #0x00 

uWDONE, IRPD.B 

LSBYTE 

WAITS 


LOAD THE SIO WITH 0, THIS IS JUST A 
DUMMY LOAD TO START THE DATA TRANSFER 
WAIT AND CHECK THE uWDONE BIT FOR 
COMPLETION OF DATA TRANSFER. WHEN DONE, 
GO AHEAD FOR SECOND DATA BYTE READ. 


AH.B.SIO.B 
SIO. B, #0x00 


LOAD HIGH ORDER BYTE OF THE A REGISTER 
WITH DATA JUST READ FROM THE SDAS. 

LOAD THE SIO WITH 0, THIS IS JUST A 
DUMMY LOAD TO START THE DATA TRANSFER. 


X 

WAIT9 

DAS_CS , PORTB . B 


DECREMENT X AND SET THE SDAS CHIP- 
SELECT BIT IF LAST READ CYCLE (X=0) , 
OTHERWISE CONTINUE. 


UWDONE, IRPD.B 

CMPLT 

WAIT9 


rWAIT AND CHECK THE uWDONE BIT FOR 
; COMPLETION OF DATA TR/^SFER. WHEN DONE, 
iLOAD THE READ DATA TO AL. 


AL.B,SI0.B 
A, [B + ] .W 
MSBYTE 


:LOAD LOW ORDER BYTE OF THE A REGISTER 
WITH THE DATA JUST READ FROM THE SDAS 
r STORE A TO THE DATA_BLK WITH B AUTO- 
I INCREMENT AND SKIP IF GREATER THAN K. 
•GO FOR THE NEXT FIFO DATA 


**************************************************************************** 
THIS ROUTINE INITIALIZES THE SDAS SERIAL INTERFACE IN CASE A 
COMMUNICATION CYCLE IS INTERRUPTED IN THE MIDDLE OF A CYCLE FOR ANY REASON. 

**************************************************************************** 


SDAS_SER_PORT_RST : 

SBIT DAS_CS , PORTB . B /DESELECT THE SDAS 


TL/H/1 1879-58 
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7.0 Digital Interface (Continued) 

HPC Assembly Code Example (Continued) 


SIO.B, #0x00 
uWDONE, IRPD.B 
R_NXT2 
RWAITl 
SIO.B, #0x00 
UWDONE, IRPD.B 
R_NXT3 
RWAIT2 
SIO.B, #0x00 
UWDONE, IRPD.B 


RESET SEQUENCE FOR THE SDAS INTER- 
FACE TO BRING IT OUT OF A HANGUP BY 
APPLYING 24 SERIAL CLOCK PULSE WHILE 
CHIP SELECT IS HIGH, THIS IS EQUAL TO 
POWER UP RESET FOR THE INTERFACE 
FACE TO BRING IT OUT OF A HANGUP 
NOTE THAT THIS ROUTINE DOES NOT RESET 
THE SERIAL DAS BUT ONLY THE SERIAL INTERFACE ' 
THIS ROUTINE IS USEFUL DURING 
SOFTWARE DEVELOPMENT OR IN CASE THAT 
A COMMUNICATION CYCLE NEEDS TO BE 
INTERRUPTED BY SYSTEM REQUIREMENTS. 


68HC11 Assembly Code Example 


************************************************************************** 

THE 68HC11 MICROCONTROLLERS FAMILY ASSEMBLY SUBROUTINES FOR INTERFACE TO 
THE LM12434 AND IjM12{L}438 SERIAL DATA ACQUISITION SYSTEM (SDAS) CHIP. 

*************************************************************** Hit********* 


*************************************************************************** 

* 68HC11 CONTROLLER REGISTER'S ADDRESSES SYMBOLIC DEFINITIONS, USED IN 

* INTERFACE ROUTINES 

*************************************************************************** 
PORTD EQU $1008 / Port D data register 

* / " - / - iSS* ,SCK ;MOSI,MISO,TxD ,RxD " 

* / PORT D "SS" BIT IS USED FOR SDAS CHIP SELECT 

DDRD EQU $1009 / Port D data direction 

SPCR EQU $1028 ; SPI control register 

* ; "SPIE,SPE ,DWOM,MSTR;CPOL,CPHA,SPR1,SPRO" 

SPSR EQU $1029 / SPI status register 

* / "SPIF,WCOL/ - ,M0DF; - 

SPDR EQU $102A ; SPI data register; Read-Buffer; Write-Shifter 


*************************************************************************** 

* SERIAL DAS RELATED REGISTERS, CONSTANTS AND MEMORY BLOCKS BASE ADDRESSES 

* SYMBOLIC DEFINITIONS 

*************************************************************************** 


RINSTRO 

EQU 

$C2 

WINSTRO 

EQU 

$82 

RINSTRl 

EQU 

$C6 

WINSTRl 

EQU 

$86 

RINSTR2 

EQU 

$CA 

WINSTR2 

EQU 

$8A 

RINSTR3 

EQU 

$CE 

WINSTR3 

EQU 

$8B 

RINSTR4 

EQU 

$D2 

WINSTR4 

EQU 

$92 

RINSTR5 

EQU 

$D6 

WINSTR5 

EQU 

$96 

RINSTR6 

EQU 

$DA 

WINSTR6 

EQU 

$9A 

RINSTR7 

EQU 

$DE 

WINSTR7 

EQU 

$9E 

RCONFIG 

EQU 

$E2 

WCONFIG 

EQU 

$A2 

RINTEN 

EQU 

$E6 

WINTEN 

EQU 

$A6 

RINTSTAT 

EQU 

$EA 

RTIMER 

EQU 

$EE 

WTIMER 

EQU 

$AE 

RSFIFO 

EQU 

$F2 

RBFIPO 

EQU 

$F3 

RLMTSTAT 

EQU 

$F6 


SERIAL DAS INSTRUCTION RAM AND LIMITS 1 & 2 
READ AND WRITE CONTROL BYTES. THESE BYTES 
CONTAIN ADDRESSES OF THE SDAS REGISTER, THE 
READ/WRITE BIT AND THE MSB/LSB BIT 
PREDEFINED. 


CONFIGURATION REG. READ CONTROL BYTE. 
CONFIGURATION REG. WRITE CONTROL BYTE. 
INTERRUPT ENABLE REG. READ CONTROL BYTE. 
INTERRUPT ENABLE REG. WRITE CONTROL BYTE. 
INTERRUPT STATUS REG. READ CONTROL BYTE. 
TIMER REG. READ CONTROL BYTE. 

TIMER REG. WRITE CONTROL BYTE. 

FIFO , SINGLE READ CONTROL BYTE. 

FIFO , BURST READ CONTROL BYTE. 

LIMIT STATUS REG. READ CONTROL BYTE. 
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7.0 Digital Interface (continued) 








68HC11 Assembly Code Example (Continued) 





DATA_BLK EQU 

$10 

SYMBOLIC STARTING ADDRESS OF THE DATA BLOCK 





* 


IN SYSTEM MEMORY, USED TO STORE THE 





* 


CONVERSION 

RESULTS READ FROM FIFO IN BURST 





•k 


READ ROUTINE. 





DATA_BUF EQU 

$42 

SYMBOLIC ADDRESS FOR A 16 BIT DATA BUFFER 





CNTRL_BUF EQU 

$40 

SYMBOLIC ADDRESS FOR AN 8 BIT BUFFER USED 





* 


IN ROUTINES FOR CONTROL BYTE. 





RSLT_NUM EQU 

$10 

SYMBOLIC DEFINITION FOR THE NUMBER OF 





* 


RESULTS TO 

BE READ FROM FIFO IN BURST READ 





***it*******4t***it******ir*********4r4r**4r4r**i 

************************************ 





* SERIAL DAS READS AND WRITES 

ARE PERFORMED BY SUBROUTINE SER 10. 





* THIS ROUTINE 

USES THE CNTRL_ 

_BUF REGISTER AS CONTROL INPUT AND THE DATA_BUF 





* REGISTER AS DATA BUFFER, FOR WRITES DATA IS LOADED ON THE DATA_BUF REG. AND 





* FOR READS DATA RETURNS IN THE DATA_BUF 

REGISTER. 





***************************************************************************** 





*--- AN EXAMPLE 

OF A WRITE TO 

CONFIGURATION REGISTER: 





LDAA 

#WCONFIG 


CONFIGURATION REG. WRITE COMMAND 





STAA 

CNTRL_BUF 


LOADED IN THE CNTRL BUF. 





LDD 

#$0010 


DATA LOADED ON THE DATA_BUF REG. 





STD 

DATA_BUF 

;RESET= 1, RAM POINTER=00. 





JSR 

SER_IO 


CALLING SER_WR FOR DATA TRANSFER. 





* — an example 

OF A READ FROM CONFIGURATION REGISTER: 





LDAA 

#RCONFIG 


CONFIGURATION REG. READ COMMAND 





STAA 

CNTRL_BUF 


LOADED IN THE CNTRL_BUF . 





JSR 

SER_IO 


CALLING SER_RD FOR DATA TRANSFER. 





***************************************************************************** 





* DATA WRITE/READ SUBROUTINE 

'SER_IO", FOR SERIAL I/O TRANSFER OF DATA BETWEEN 





* THE 68HC11 AND THE SERIAL DAS WITH SPI 

SERIAL INTERFACE. BEFORE CALLING THE 





* ROUTINE, THE 

DATA TRANSFER CONTROL BYTE SHOULD BE LOADED IN THE CNTRL BUF. 





* FOR WRITES THE DATA TO BE WRITTEN TO THE SDAS SHOULD BE LOADED IN DATA BUF. 





* FOR READS, DATA IS LOADED INTO THE DATA_BUF UPON RETURN FROM THIS SUBROUTINE. 





***************************************************************************** 





SER_IO: 








BCLR 

PORTD,Y $20 


DROP CHIP SELECT 





LDAA 

CNTRL_BUF 


LOAD A WITH CONTROL BYTE 





STAA 

SPDR 


START SPI SEND 





SENDl LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 





ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BIT 




BEQ 

SENDl 


IF SPIF=0 THEN BRANCH, ELSE SKIP 





LDAA 

DATA_BUF 


GET MSB DATA BYTE AND SEND 





STAA 

SPDR 


START SPI SEND. THIS WILL ALSO CLEAR 

THE , 

SPIF BIT 


SEND2 LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 





ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BIT 




BEQ 

SEND2 


IF SPIF=0 THEN BRANCH, ELSE SKIP 





LDAA 

SPDR 


LOADS 1 DATA BYTE (MSB/LSB) SENT FROM DAS 

INTO 

ACC 

A 

STAA 

DATA_BUF 


STORE MSB DATA BYTE IN RAM BUFFER 





LDAA 

DATA__BUF+1 


GET LSB DATA BYTE TO SEND 





STAA 

SPDR 


START SPI SEND 





SENDS LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 





ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BIT 




BEQ 

SENDS 


IF SPIF=0 THEN BRANCH, ELSE SKIP 





LDAA 

SPDR 


LOADS 1 DATA BYTE (MSB/LSB) SENT FROM DAS 

INTO 

ACC 

A 

STAA 

DATA_BUF 


STORE MSB DATA BYTE IN RAM BUFFER 





BSET 

PORTD,Y $20 


DONE -- RAISE CS 





RTS 
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7.0 Digital Interface (Continued) 

68HC11 Assembly Code Example (Continued) 

***************************************************************************** 

* FIFO BURST READ SUBROUTINE ''RD_FIFO”, FOR READING THE CONVERSION RESULTS 

* FROM FIFO IN BURST READ MODE. DATA IS READ FROM FIFO AND STORED IN THE 

* SYSTEM MEMORY STARTING FROM THE DATA_BLK ADDRESS . NUMBER OF CONVERSION 

* RESULTS BEING READ IS RSLT_NUM WHICH IS LOADED IN THE X REGISTER. IT IS ASSUMED 

* THAT THE HPC IS USING 16 BIT DATA BUS. 
***************************************************************************** 

RD FIFO: 


LDX 

#DATA_BLK 

LOAD X WITH DATA BLOCK BASE ADDRESS 

LDAB 

#RSLT_NUM 

LOAD B WITH NUMBER OF RESULTS 

LSLB 



MAKE INTO BYTE COUNT 

DECB 



ONE LESS FOR LAST. BYTE 

BCLR 

PORTD,Y 

$20 

DROP CHIP SELECT 

LDAA 

#RBFIFO 


LOAD A WITH BURST READ COMMAND 

STAA 

SPDR 


SEND COMMAND 

LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 

ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BEQ 

BURST 1 


IF SPIF=0 THEN BRANCH, ELSE SKIP 

CLRA 



CLEAR DATA BYTE TO SEND 

STAA 

SPDR 


START SPI, RECEIVE A DATA BYTE 

LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 

ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BEQ 

BURST2 


r IF SPIF=0 THEN BRANCH, ELSE SKIP 

LDAA 

SPDR 


r GET THE RECEIVED DATA BYTE 

STAA 

0,X 


STORE DATA BYTE 

INX 



POINT TO NEXT DATA BYTE 

DECB 



COUNTING DOWN # OF BYTES 

BNE 

BLOOP 


STILL MORE DATA BYTES TO GET 

BSET 

PORTD, Y 

$20 

RAISE CS TO END BURST READ 

STAA 

SPDR 


START SPI, RECEIVE LAST BYTE 

LDAA 

SPSR 


GET SPI STATUS TO WAIT FOR SPIF 

ANDA 

#$80 


MASKING THE EIGHTH BIT WITH THE SPIF 

BEQ 

BURSTS 


IF SPIF=0 THEN BRANCH, ELSE SKIP 

LDAA 

SPDR 


GET RECEIVED DATA BYTE 

STAA 

0,X 


STORE DATA BYTE IN RAM BUFFER 

RTS 
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7.0 Digital Interface (Continued) 

7.2 8051 INTERFACE MODE 

The 8051 interface mode is designed to work directly with 
the 8051 family of microcontrollers’ mode 0 serial interface. 
This interface mode is a simple shift register type of serial 
data transfer. The serial clock synchronizes the transfer of 
data to and from the LM 12434 and LM12(Ll438. The inter- 
face uses 3 lines: a bidirectional data line (RXD), a serial 
clock line (TXD) and a chip-select (CS) line. More than one 
device can share the data and serial clock lines provided 
that each device has its own chip-select line. 

The 8051 mode is selected when the MODESEL1 and 
MODESEL2 pins have the logic state of “00”. Figure 14 
shows a typical ct^ection diagram for the 8051 mode seri- 
al interface. The CS, RXD and TXD lines are respectively 
assigned to interface pins P3 through P5. The P1 and P2 
pins are not used in this mode and should be left open or 
connected to logic “1”. In this interface the idle state of the 
serial clock TXD is logic “1”. The data is stable at both 
edges of the TXD clock and is shifted after its rising edge. 
The Interface has a bidirectional RXD data line. The 
LM12434 and LM12{L)438 leaves the RXD line in a high 
impedance state whenever It is not outputting any data. 
Data transfer in this mode is byte oriented. As mentioned, 
the LM 12434 and LM12lL}438 has three different commu- 
nication cycles: write cycle, read cycle and burst read cycle. 
At the start of each data transfer cycle, “command byte” is 
written to the LM12434 and LM12{L}438, followed by write 
or read data. The command byte informs the LM 12434 and 
LM12{L]438 about the communication cycle and carries 
the following information: 

— what type of data transfer (communication cycle) is start- 
ed 

— which device register is to be accessed 


The command byte has the following format: 

MSB LS0 (First bit being transferred) 


1 . ..... t 


R/W 

1 ^ 1 



A3 

A2 



n 

rn 

r 


n 



, 


Always 0 DAS Internal Register 

Address 


0 = Single read or write 

1 = Burst read 
|_ r 0 = Write cycle 

\ 1 = Read cycle 
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The first bit is the LSB of the byte based on the 8051 mode 
0 serial interface protocol. 

Figure 13 shows the timing diagrams for different communi- 
cation cycles. Figure 13a shows a write cycle. Figure 13b 
shows a read cycle. Figure 13c shows a burst read cycle. 
Note that these timing diagrams depict general relationships 
between the SCLK edges, the data bits and CS. These dia- 
grams are not meant to show guaranteed timing perform- 
ance. (See specification tables for parametric switching 
characteristics.) 

Write cycle: A write cycle begins with the falling edge of the 
CS. Then a command byte Is written to the DAS on the RXD 
line synchronized by TXD clock. The command byte has the 
R/W and B bits equal to zero. Following the command byte, 
16 bits of data (2 bytes) is shifted in on the RXD line. The 
data is written to the register addressed in the command 
byte (A3, A1, AO). The data is always LSB first in this 

interface. CS will go high after the transfer of the last bit, 
thus completing the write cycle. 

Read cycle: A read cycle starts the sam^way as a write 
cycle, except that the command bytes R/W bit is equal to 
one. Following the command byte, the DAS outputs the 
data on the RXD line synchronized with the microcontrol- 
ler’s TXD clock. The data is read from the register ad- 
dressed^ the command byte. Data Is shifted in LSB first. 
Again, CS will go high after the transfer of the last data bit, 
thus completing the read cycle. 
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7.0 Digital Interface (Continued) 

Burst read cycle: A burst read cycle starts the same way 
as a single read cycle, but the B bit in the command byte is 
set to one, indicating a burst read cycle. Following the com- 
mand byte the data is output on the RXD line as long as the 
DAS receives TXD clock from the system. To tell the DAS 
when a burst read cycle is completed, CS should be set high 
after the 8th and before the 1 5th SCLK cycle during the last 
data byte transfer (see Figure 13c). After CS high is detect- 
ed and the last data bit is transferred, the DAS is ready for a 
new communication cycle to begin. 

The timing diagrams in Figure 13 show the transfer of data 
in packets of 8 bits (bytes). This represents the way the 
serial ports of the 8051 family of microcontrollers produce 
the serial clock and data. The DAS does not require a gap 
between the first and second bytes of the data; 

r From Systeml ""X 

L to DAS J I 


16 continuous clock cycles will transfer the data word. How- 
ever, there should be a gap equal to 3 CLK (the DAS main 
clock input, not the TXD clock) cycles between the end of 
the command byte and the start of the data during a read 
cycle. This is not concerned in most systems for two rea- 
sons. First, the processor generally has some inherent gap 
between byte transfers. Second, the TXD frequency is usu- 
ally significantly slower than the CLK frequency. For exam- 
ple, an 8051 processor with 12 MHz crystal generates a 
TXD of 1 MHz. If the DAS is running with 6 MHz CLK, there 
are 6 cycles of CLK within each cycle of TXD and the re- 
quirement is satisfied even if TXD comes continuously after 
command byte. The user should pay attention to this re- 
quirement if running the TXD with a speed near or higher 
than CLK. 


TXD “injifuifuifij ijifififififinj liuifiniuuu 


Serial Data 
to DAS . 


I To DAS 

- 000 ^ 1 ^ 44 / 

DAS Internal ' 

Register Address 


10OlOtXD2lD3XO4lO5XD6XD7> 


ID 1 0ID HID 1 210 1 3ID 1 4lD 1 S)- 


Read/Write Bit 
" 0 " for write 

(a) Write Cycle 

Idle State of SCLK = 1, Data Shifted at the Rising Edge of the SCLK 
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7 ;;:^ r From Systeml 
L to DAS J 


Serial Clock 
. to DAS 


I “imuinjifuunjuuuuumrnjuuui^ — 


Qvn r Serial Data 1 
Lto/from DASJ 


I To DAS 


I From DAS 




I From DAS 


I 09 ID 1 0ID I IID 1 2ID 1 3lD 1 Al0 1 5>> 


Read/Write Bit 
"1" for Read 


(b) Read Cycle 

Idle State of SCLK = 1, Data Shifted at the Rising Edge of the SCLK 
FIGURE 13. Timing Diagrams for LM 12434 and LM12(L)438 8051 Serial Interface Mode 
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r From Systemi 
L to DAS J \_ 


“injuuifuuij Liuuinjinju uuuijinnjii uuuuuuuu uuui 

I To DAS I From DAS i From DAS i From DAS From DAS 

RXD [iXm orJ °/ ° °° “ 'F f¥¥¥¥¥^ f~°°~T ¥PPP^ °° I PPf' ' 


DAS Internal 
Register Address 


Isl Data Byte, 1st Word 


2nd Data Byte, 1st Word 


1st Data Byte, 2nd Word 


2nd Data Byte, 2nd Word 


Read/Write Bit 
"1" for Read 


CS (Cont.) • 
TXD (Cont.) ■ 


•Tfumjuuinrinnnjuuuinjuinjijim^ 


1 From DAS 

• From DAS 

> From DAS 

1 From DAS 

RXD (Cont.) • • • • DO )(°')(°2)(D3j{D4](D5jjD6j{D7j|~ 




1st Data Byte, (N-l)th Word 

2nd Data Byte, (N-l)th Word 

1st Data Byte, Nth Word 

2nd Data Byte, Nth Word 


(c) Burst Read Cycle 

Idle State of SCLK = 1, Data Shifted after the Rising Edge of the SCLK 
FIGURE 13. Timing Diagrams for LM12434 and LM12{Ll438 8051 Serial Interface Mode (Continued) 
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7.0 Digital Interface (Continued) 



LM12434/LM12{L]438 


7.0 Digital Interface (Continued) 

7.2.1 Example of Interfacing to the 8051 


8051 
Family of 
Microcontrollers 


General r 
Purpose < 
Parallel Port I 


Serial Port f 
Mode 0 jxD 


Data 

Clock 


LM12434/ 

LM12{L}438 


+5V 


M0DESEL1 

M0DESEL2 

PI 

P2 

P3(^) 

P4(RXD) 

P5(TXD) 


To other 
Peripherals 
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FIGURE 14. LM12434 and LM12(L]438 in the 8051 Interface Mode 
8051 Assembly Code Example 

**************************************************************************** 

THE 8051 MICROCONTROLLERS FAMILY ASSEMBLY SUBROUTINES FOR INTERFACE TO 
THE LM12434 and LM12 {l}438, SERIAL INTERFACE DATA ACQUISITION SYSTEM (SDAS) CHIP. 
**************************************************************************** 


***************************************************************************** 
8051 CONTROLLER REGISTER, BITS SYMBOLIC DEFINITIONS, USED IN INTERFACE 
ROUTINES 

**************************************************************************** 


;SCON 

R_DONE 

BIT 

/SERIAL PORT CONTROL REGISTER 
SCON.O /RECEIVE CYCLE COMPLETE FLAG, BIT 

#0 

OF SCON 

S_DONE 

BIT 

SCON.l 

fSEND CYCLE COMPLETE FLAG, BIT #1 

OF 

SCON 

R_EN 

BIT 

SCON. 4 

f RECEIVE CYCLE ENABLE BIT, BIT #4 

OF 

SCON 

;SBUF 

SDAS_SLCT 

BIT 

P3 .4 

? SERIAL PORT DATA BUFFER FOR SEND AND RECEIVE 
rPIN #4 OF PORT 3 USED FOR THE SDAS CHIP SELECT 


**************************************************************************** 
SERIAL DAS RELATED REGISTERS, CONSTANTS AND MEMORY BLOCK BASE ADDRESSES 
SYMBOLIC DEFINITIONS 

**************************************************************************** 


RINSTRO 

EQU 

8 OH 

SERIAL DAS INSTRUCTION 

RAM AND LIMITS 1 & 2 

WINSTRO 

EQU 

OOH 

READ AND WRITE CONTROL 

BYTES . 

THESE BYTES 

RINSTRl 

EQU 

81H 

CONTAIN ADDRESSES OF THE SDAS 

REGISTERS, THE 

WINSTRl 

EQU 

OlH /READ/WRITE BIT AND THE 

BURST 

READ BIT 

RINSTR2 

EQU 

82H 

PREDEFINED. 



WINSTR2 

EQU 

02H 

" 



RINSTR3 

EQU 

83H 

" 



WINSTR3 

EQU 

03H 

" 



RINSTR4 

EQU 

84H 

" 



WINSTR4 

EQU 

04H 

" 



RINSTR5 

EQU 

85H 

II 



WINSTR5 

EQU 

OSH 

" 



RINSTR6 

EQU 

86H 

" 



WINSTR6 

EQU 

06H 

" 



RINSTR7 

EQU 

87H 

" 



WINSTR7 

EQU 

07H 

" 
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7.0 Digital Interface (Continued) 

8051 Assembly Code Example (Continued) 


RCONFIG 

EQU 

88H 

SDAS CONFIGURATION REG. READ CONTROL BYTE. 

WCONFIG 

EQU 

08H 

SDAS CONFIGURATION REG. WRITE CONTROL BYTE. 

RINTEN 

EQU 

89H ;SDAS INTERRUPT ENABLE REG. READ CONTROL BYTE. 

WINTEN 

EQU 

09H 

SDAS INTERRUPT ENABLE REG. WRITE CONTROL BYTE. 

RINTSTAT 

EQU 

8AH 

SDAS INTERRUPT STATUS REG. READ CONTROL BYTE. 

RTIMER 

EQU 

8BH 

SDAS TIMER REG. READ CONTROL BYTE. 

WTIMER 

EQU 

OBH 

SDAS TIMER REG. WRITE CONTROL BYTE. 

RSFIFO 

EQU 

acH 

SDAS FIFO , SINGLE READ CONTROL BYTE. 

RBFIFO 

EQU 

OCCH 

SDAS FIFO , BURST READ CONTROL BYTE. 

RLMTSTAT 

EQU 

8DH ;SDAS LIMIT STATUS REG. READ CONTROL BYTE. 

DATA_BLK 

EQU 

OXXH /SYMBOLIC STARTING ADDRESS OF THE DATA BLOCK 



/IN SYSTEM MEMORY, USED TO STORE THE 



/CONVERSION RESULTS READ FROM FIFO IN BURST 




•READ ROUTINE. 

DATA_BUF 

EQU 

OXXH /SYMBOLIC ADDRESS FOR A 16 BIT DATA BUFFER 

CNTRL_BUF 

EQU 

OXXH 

SYMBOLIC MDRESS FOR AN 8 BIT BUFFER USED 




IN ROUTINES FOR CONTROL BYTE, 

RSLT_NUM 

EQU 

OXXH 

SYMBOLIC DEFINITION FOR THE NUMBER OF 


/RESULTS TO BE READ FROM FIFO IN BURST READ 

****** ************ ********************************** ****************** ****** 

SERIAL DAS READS AND WRITES ARE PERFORMED BY SUBROUTINES SER_WR & SER_RD, 
THESE ROUTINES USE THE ''CNTRL_BUF" REGISTER AS CONTROL INPUT AND THE 
"DATA_BUF'' REGISTER AS DATA BUFFER, FOR WRITES DATA IS LOADED ON THE 
"DATA_BUF'' REGISTER, AND FOR READS DATA RETURNS IN THE "DATA_BUF" REGISTER. 


AN EXAMPLE OF A WRITE TO CONFIGURATION REGISTER; 


MOV 

CNTRL_BUF , #WCONFIG 

fLOAD CNTRL_BUF 
rBYTE 

WITH WRITE CONTROL 

MOV 

DATA_BUF, #02H 

rLOAD LOW ORDER 
DATA_BUF 

BYTE OF DATA TO 

MOV 

DATA_BUF+1,#00H 

LOAD HIGH ORDEF 
DATA_BUF 

1 BYTE OF DATA TO 

LCALL 

SER_WR 

SER_WR ROUTINE 

TRANSFERS THE DATA 


.___ an EXAMPLE OF A READ FROM CONFIGURATION REGISTER: 


MOV 

CNTRL_BUF, ftRTIMER 

/LOAD CNTRL_BUF 
/BYTE 

WITH READ 

CONTROL 


LCALL 

SER_RD 

/SER_RD ROUTINE 

READS THE 

DATA 
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7.0 Digital Interface (Continued) 

8051 Assembly Code Example (Continued) 

.********«**************************************★**************************** 

; DATA WRITE SUBROUTINE "SER_WR", FOR A SERIAL WRITE TO THE DAS. BEFORE CALLING THE 
; ROUTINE, THE WRITE CONTROL BYTE SHOULD BE LOADED IN THE -“CNTRL_BUF" 

; AND THE DATA TO BE WRITTEN TO THE SDAS SHOULD. BE LOADED IN THE "DATA_BUF" . 

.A*************************************************************************** 


SER_WR 





CLR 

SDAS_SLCT 

/SELECT THE SDAS, CHIP SELECT=0 


CLR 

S DONE 

/CLEAR SEND CYCLE DONE FLAG 


MOV 

SBUF,CNTRL BUP 

/STTUIT SENDING THE WRITE CONTROL BYTE 

SENDW; 

JNB 

S_DONE,SENDW 

/WAIT HERE UNTIL SEND CYCLE COMPLETED 


CLR 

S_DONE 

/CLEAR SEND CYCLE DONE FLAG 


MOV 

SBUF,DATA BUP 

/START SENDING LOW ORDER BYTE OP DATA 

SENDl; 

JNB 

S_DONE, SENDl 

/WAIT HERE UNTIL SEND CYCLE COMPLETED 


CLR 

S_DONE 

/CLEAR SEND CYCLE , DONE FLAG 


MOV 

SBUF,DATA_BUF+1 

/START SENDING HIGH ORDER BYTE OF DATA 

SEND2: 

JNB 

S_DONE,SEND2 

/WAIT HERE UNTIL SEND CYCLE COMPLETED 


SETS 

SDAS_SLCT 

/DESELECT THE SDAS, CHIP SELECT-1 


RET 



.***** 

********************************* 

************* *** ********************** 


; DATA READ SUBROUTINE "SER_RD", FOR A SERIAL READ FROM THE DAS. BEFORE CALLING THE 
; ROUTINE, THE READ CONTROL BYTE SHOULD BE LOADED ON THE "CNTRL_BUP" 

; AND THE DATA IS LOADED IN THE ''DATA_BUF" UPON RETURN PROM SUBROUTINE. 

.A*************************************************************************** 

SER RD: 



CLR 

SDAS_SLCT 

/SELECT THE SDAS, CHIP SELECTED 


CLR 

S_DONE 

/CLEAR SEND CYCLE DONE FLAG 


MOV 

SBUF,CNTRL_BUF 

/START SENDING THE READ CONTROL BYTE 

SENDR: 

JNB 

S_DONE, SENDR 

/WAIT HERE UNTIL SEND CYCLE COMPLETED 


SETB 

R_EN 

/ENABLE DATA RECEIVE CYCLES 


CLR 

REDONE 

/START A DATA BYTE RECEIVE CYCLE 

RCVl: 

JNB 

R_D0NE,RCV1 

/WAIT HERE UNTIL RECEIVE COMPLETED 


MOV 

DATA_BUF,SBUF 

/STORE LOW ORDER BYTE IN DA'^A_BUF 


CLR 

R_DONE 

/START A DATA BYTE RECEIVE CYCLE 

RCV2: 

JNB 

R_DONE,RCV2 

/WAIT HERE UNTIL RECEIVE COMPLETED 


MOV 

DATA_BUF+1 , SBUF 

/STORE HIGH ORDER BYTE IN DATA_BDF 


SETB 

SDAS_SLCT 

/DESELECT THE SDAS, CHIP SELECT=1 


CLR 

R_EN 

/DISABLE DATA RECEIVE CYCLES 


RET 
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7.0 Digital Interface (Continued) 

8051 Assembly Code Example (Continued) 

.***************************************************«************************ 

; FIFO BURST READ SUBROUTINE ''RD_FIFO", FOR READING THE CONVERSION RESULTS 
! FROM FIFO IN BURST READ MODE. DATA IS READ FROM FIFO AND STORED IN THE 
; SYSTEM MEMORY STARTING FROM THE "DATA_BLK" ADDRESS. NUMBER OF CONVERSION 
; RESULTS BEING READ IS "RSLT_NUM" . THIS ROUTINE USES THE RO AND R1 REGISTERS. 


/ IT IS 

ASSUMED 

THAT THEY ARE IN 

THE PRESENT REGISTER BANK. 

; RO IS 

THE POINTER TO ■'DATA_BLK»' 

WHERE THE CONVERSION RESULTS ARE STORED. 

; R1 IS USED AS 
; FROM FIFO. 

A COUNTER TO KEEP 

TRACK OF THE NUMBER OF RESULTS TO BE READ 

;****** 

RD_FIFO 

Ir******* 

Ik***************** 

******************************************** 


MOV 

R0,DATA_BLK 

, SETTING DATA BLOCK POINTER 


MOV 

A, #RSLT_NUM 

/NUMBER OF RESULTS TO BE READ IN ACC 


RL 

A 

/CALCULATING # OF DATA BYTES TO BE 
/READ FROM FIFO, EACH CONVERSION 
/RESULTS IS 2 BYTES 


MOV 

R1,A 

/NUMBER OF DATA BYTES TO Rl COUNTER 


DEC 

R1 

/TOTAL DATA BYTES MINUS 1 IN COUNTER 


CLR 

SDAS_SLCT 

/SELECT THE SDAS, CHIP SELECT-O 


CLR 

S_DONE 

/CLEAR SEND CYCLE DONE FLAG 


MOV 

SBUF,#RBPIFO 

/START SENDING THE FIFO BURST READ 
/CONTROL BYTE 

SENDB: 

JNB 

S_DONE, SENDB 

/WAIT HERE UNTIL SEND CYCLE COMPLETED 


SETB 

R_EN 

/ENABLE DATA RECEIVE CYCLES 

RD_LP: 

CLR 

R_DONE 

/START A DATA BYTE RECEIVE CYCLE 

RCVB: 

JNB 

R_DONE,RCVB 

/WAIT HERE UNTIL RECEIVE COMPLETED 


MOV 

@R0,SBDF 

/STORE DATA BYTES IN DATA_BLK 


INC 

RO 

/POINTING TO NEXT DATA LOCATION 


DJNZ 

R1,RD_LP 

/READ NEXT BYTE IF NOT THE LAST ONE 


SETB 

SDAS_SLCT 

/DESELECT THE SDAS, BEFOR READING 
/THE LAST BYTE, BURST READ TERMINATION 


CLR 

R_DONE 

; START A DATA BYTE RECEIVE CYCLE 

RCVL; 

JNB 

R_DONE,RCVL ' 

/WAIT HERE UNTIL RECEIVE COMPLETED 


MOV , 

®R0 , SBUF 

/STORE THE LAST DATA BYTE 


CLR 

RET 

R_EN 

/DISABLE DATA RECEIVE CYCLES 


.**************************************************************************** 

; THIS ROUTINE INITIALIZES THE SDAS SERIAL INTERFACE IN CASE THAT A 
; COMMUNICATION CYCLE HAS BEEN INTERRUPTED. THIS ROUTINE APPLYS 24 
/ SERIAL CLOCK PULSES TO THE DAS WHILE ITS CHIP SELECT 

/ IS HIGH. THIS ROUTINE CAN BE USED AT THE START OF THE PROGRAM DURING CODE 
; DEVELOPMENT OR ANYWHERE THAT A READ OR WRITE CYCLE MUST BE INTERRUPTED 
; BECAUSE OF THE SYSTEM REQUIREMENT. 

^ **************************************************************************** 

SDAS_SER PORT RST: 



SETB 

SDAS_SLCT 

/DESELECT THE SDAS, CHIP SELECT-: 


SETB 

R_EN 

/ENABLE DATA RECEIVE CYCLES 


CLR 

REDONE 

/START A CYCLE, 8 

PULSES APPLIED 

TRYl: 

JNB 

REDONE, TRYl 

/WAIT HERE UNTIL 

CYCLE COMPLETED 


CLR 

R_DONE 

/START A CYCLE, 8 

PULSES APPLIED 

TRY2: 

JNB 

R_DONE,TRY2 

/WAIT HERE UNTIL 

CYCLE COMPLETED 


CLR 

R_DONE 

/START A CYCLE, 8 

PULSES APPLIED 

TRY3: 

JNB 

R_DONE,TRY3 

/WAIT HERE UNTIL 

CYCLE COMPLETED 


CLR 

R_EN 

/DISABLE DATA RECEIVE CYCLES 


RET 
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7.0 Digital interface (Continued) 

7.3 TMS320 INTERFACE MODE 

The TMS320 interface mode is designed to work directly 
with the serial interface port of the TMS320C3x and 
TMS320C5X families of digital signal processors. This inter- 
face uses five lines: two data lines (DX, DR), two frame 
synchronization signal lines (FSX, FSR), and a serial clock 
line (SCLK). Note that the TMS320C3x/5x serial interface 
has two separate serial clock lines for transmit and receive 
called CLKX and CLKR, but the LM12434 and LM12{L)438 
only uses one clock input for both receive and transmit. 
Typically, CLKX is specified as an output and drives SCLK 
as well as CLKR (defined as an input). The serial clock for 
this interface mode is a free running clock, with the data 
stream synchronized by SCLK. The start of each data trans- 
fer (the beginning of a data packet) is synchronized by FSX 
(Transmit Frame Sync) or FSR (Receive Frame Sync). This 
interface can communicate with one device; no device se- 
lect signal is used. The following discussion assumes that 
the reader has a basic knowledge of the architecture and 
operation of the TMS320C3x/5x serial interface port. 

The TMS320 interface mode is selected when the 
MODESEL1 and MODESEL2 pins have the logic state, of 
“11”. Figure 16 shows a typical connection diagram for the 
LM 12434 and LM12{L)438 in the TMS320 serial interface 
mode. The FSR, FSX, DX, DR, and SCLK lines are assigned 
to interface pins PI through P5. 

Data transfer in this mode is programmable by the proces- 
sor for 8-, 16-, 24-, or 32-bit data packets for the 
TMS320C3X and 8-, or 16-bit data packets for TMS320C5x. 
The LM 12434 and LM12{Ll438 uses 16-bit and 32-bit data 
packets. For the TMS320C5x the 32-bit packet is composed 
of two successive 16-bit packets with no gaps between 
them. The data bits in each packet are transferred MSB 
first, and are shifted in on the rising edge of SCLK and are 
stable and captured at the falling edge of the SCLK. As with 
the “Standard” and “8051” interface modes, the LM12434 
and LM12{Ll438 has three different communication cycles: 
write cycle, read cycle and burst read cycle. At the start of 
each data transfer cycle, a stream of 9 data bits (the “com- 
mand packet”) is written to the LM 12434 and LM12(L]438 
and informs it about the communication cycle. The place- 
ment of these 9 bits in the data packet is different in the 
read and write cycles and is discussed for each case sepa- 
rately. The command packet carries the following informa- 
tion: 

— what type of data transfer (communication cycle) Is start- 
ed 

— which device register is to be accessed 


The command packet has the following format: 

MSB (First bit being transferred) LSB (9th bit) 


1 1 

1 1 

1 — n 

1 — 1 



1 1 



LiJ 


H 

H 

A3 

A2 


1 

R/W 


Always 0 


DAS Internal Register 
Address 


_ f 0 = Write cycle 
\ 1 = Read cycle 


r 0 = Single read or write 
L 1 = Burst read 
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The first bit of the command packet is always the MSB of 
the data packet to to be transferred. 

Figure 15 shows the timing diagrams for the three communi- 
cation cycles. Figure 15a shows a write cycle. Figure 15b 
shows a read cycle, and Figure 15c shows a burst read 
cycle. Note that these timing diagrams depict general rela- 
tionships between the SCLK edges, the data bits and the 
frame synchronization signals (FSX, FSR). These diagrams 
are not meant to show guaranteed timing performance. 
(See specification tables for parametric switching character- 
istics.) 

Write cycle: A write cycle begins with an FSX pulse from 
the processor. The first data bit is received by the DAS on 
the DX line during the next SCLK falling edge after the fall- 
ing edge of FSX. A 32-bit data packet is written to the DAS. 
The TMS320C3X does this with a 32-bit transfer, using its 
serial port 32-bit register. With the TMS320C5x family two 
successive 1 6-bit transfers are initiated without any gap in 
between. The first 9 bitsJMSBsj of the data are the com- 
mand packet with the R/W bit and B bit equal to zero. Fol- 
lowing the command packet, a 1 6-bit data stream starts on 
the falling edge of the 10th SCLK cycle and continues 
through the 25th cycle. The last 7 bits in the 32-bit data 
packet are “don’t care” and are ignored by the DAS. The 
data is written to the register addressed in the command 
packet (A3, A2, A1, AO). There is no activity on the FSR and 
DR lines during a write cycle. The write cycle Is completed 
after the last data bit is transferred. 

Read cycle: A read cycle also begins with an FSX pulse 
from the processor. The read cycle uses 16-bit data trans- 
fer. Following the FSX pulse, 1 6 bits of data are written to 
the DAS on the DX line. The first_9 bits (MSBs) of data are 
the command packet with the R/W bit equal to one and the 
B bit equal to zero. The last 7 bits (LSBs) are “don’t care” 
and are ignored by the DAS. About 3 to 4 CLK (the DAS 
main clock input, not the SCLK) cycles after the R/W bit is 
received, the DAS generates an FSR pulse to initiate the 
data transfer. Following the FSR pulse, the DAS will send 
1 6 bits of data to the processor on the DR line. The first bit 
(MSB) of the data appears on the DR line on the next SCLK 
cycle following the FSR pulse. The data is read from the 
register addressed in the command packet. The read cycle 
is completed after the last data bit is transferred. 
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7.0 Digital Interface (Continued) 

Burst read cycle: A burst read cycle starts the same way 
as a single read cycle, but the B bit in the command packet 
is set to one, indicating a burst read cycle. After the first 16 
bits of data carrying the command packet is written to the 
DAS, the DAS begins to send out the data words from the 
addressed register on the DR line repeatedly. Each data 
word is preceded by an FSR pulse for synchronization. To 
terminate a burst read cycle, the processor does a dummy 
read from the configuration register during the last 


data word. This dummy read should be started so that its 
FSR pulse occurs during the 1 5th to 1 7th SCLK cycle of the 
last data word as shown in Figure 15c. The dummy read 
terminates the burst read cycle and shifts out the contents 
of the configuration register on the DR line. This data can be 
discarded. After transfer of the last data bit from the config- 
uration register, the DAS is ready for a new communication 
cycle to begin. 
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(a) Write Cycle 
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(b) Read Cycle 

FIGURE 15. Timing Diagram for LM12434 and LM12(L}438 TMS320 Serial Interface Mode 
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7.0 Digital Interface (Continued) 

7.3.1 Example of Interfacing to the TMS320C3x 


TMS320C3X 
Family of 
DSP ProcoGSors 


Serial 

Pori 


FSR 

FSX 

DX 

DR 

CLKX 

CLKR 


a 


Note: Other device pins are not shown. 


+5V €> 


LM 12434/ 
LM12{L}438 

n MODESELI 
M0DESEL2 

PI (FSR) 

P2(FSX) 

P3(DX) 

P4(DR) 

P5(SCLK) 
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FIGURE 16. LM12434 and LM12(L)438 in the TMS320 Interface Mode 


TMS320C3X Assembly Code Example 


; TMS320C3X ASSEMBLY ROUTINES FOR INTERFACE TO THE LM12434 AND LM12(L}438 SERIAL DAS 

; LM12438 REGISTER ADDRESSES 


CONFIG 

.word 00000008H 

; CONFIGUREATION REGISTER 

INTEN 

.word 00000009H 

; INTERRUPT ENABLE REGISTER 

INTSTAT 

.word OOOOOOOAH 

; INTERRUPT STATUS REGISTER 

TIMER 

.word OOOOOOOBH 

; TIMER REGISTER 

FIFO 

.word OOOOOOOCH 

; FIFO 

FIFODATA 

.word OOOOOOOOH 



.space 32 

; 32 reserved spaces for FIFO data 

LIMIT 

.word OOOOOOODH 

; LIMIT REGISTER 

; INSTRUCTION 

RAM 0-8 (NOTE: CONFIG. 

REG. RAM POINTER SELECTS BANKS 0, 1 OR 2) 

RAMO 

.word OOOOOOOOH 

; INSTRUCTION RAM 0 

RAMI 

.word OOOOOOOIH 

; INSTRUCTION RAM 1 

RAM2 

.word 00000002H 

; INSTRUCTION RAM 2 

RAM3 

.word 00000003H 

; INSTRUCTION RAM 3 

RAM4 

.word 00000004H 

; INSTRUCTION RAM 4 

RAMS 

.word OOOOOOOBH 

; INSTRUCTION RAM 5 

RAM6 

.word 00000006H 

; INSTRUCTION RAM 6 

RAM7 

.word 00000007H 

; INSTRUCTION RAM 7 

CLNDATA 

.word OOOOFFFFH 

; USED FOR ZEROING DON'T CARE DATA BITS 


• text 

* THE PROCESSOR IS INITIALIZED. THE REMAINING APPLICATION- 

* DEPENDENT PART OP THE SYSTEM (BOTH ON- AND OFF-CHIP SHOULD 

* NOW BE INITIALIZED. 

* 

* FIRST, INITIALIZE THE CONTROL REGISTER. IN THIS EXAMPLE, 

* EVERYTHING IS INITIALIZED TO ZERO SINCE THE ACTUAL INITIALIZATION 

* IS APPLICATION DEPENDENT. 


LDI 

@CTRL,AR0 

; LOAD in ARO the pointer to control 



; registers 

LDI 

®DMACTL,R0 


STI 

R0,*+AR0(0) 

; Init DMA control 

LDI 

®TIM0CTL,R0 


STI 

R0,*+AR0(32) 

; Init timer 0 control 

LDI 

®TIM1CTL,R0 


STI 

R0,*+AR0 (48) 

; Init timer 1 control 

LDI 

®SERGLOBO , RO 


STI 

R0,*+AR0 (64) 

! Init serial 0 global control 

LDI 

®SERPRTX0 , RO 


STI 

R0,*+AR0(66) 

; Init serial 0 xmt control 

LDI 

®SERPRTR0,R0 


STI 

R0,*+AR0(67) 

; Init serial 0 rev control 
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7.0 Digital Interface (Continued) 


TMS320C3X Assembly Code Example (Continued) 


LDI 

®SERTIM0,R0 


STI 

R0,*+AR0(68) 

; Init serial 0 timer control 

LDI 

®SERGLOB1,RO 


STI 

R0,*+ARO(80) 

; Init serial 1 global control 

LDI 

®SERPRTX1,R0 


STI 

R0,*+AR0(82) 

; Init serial 1 xmt control 

LDI 

®SERPRTR1,R0 


STI 

R0,*+AR0(83) 

; Init serial 1 rev control 

LDI 

®SERTIM1,R0 


STI 

R0,*+AR0(84) 

; Init serial 1 timer control 

LDI 

aSTIMCNTl,R0 


STI 

R0,*+AR0{85) 

; Init serial 1 timer counter 

LDI 

®STIMPRD1,R0 


STI 

R0,*+AR0(86) 

; Init serial 1 timer period 

LDI 

0PARINT,RO 


STI 

R0,*+AR0(100) 

; Init parallel interface control (c30 only) 

LDI 

®IOINT,RO 


STI 

R0,*+AR0(96) 

; Init I/O interface control 

LDI 

®STCK, SP 

; Inltiali 2 e the stack pointer 

OR 

2000H,ST 

; Global interrupt enable 

BR 

BEGIN 

; Branch to the beginning of application. 

NOP 



LDI 

0,IOF 

; PROGRAM XFl PORT AS AN INPUT PORT . 

LDI 

®CTRL,AR0 

; LOAD in ARO the pointer to control 

LDI 

©CONFIG, RO 


LDI 

0082H,R1 

; SYNC. PIN OUTPUT 

CALL 

SWRITE 

; SOFT RESET LM12438 

LDI 

@1NTEN,R0 


LDI 

0714H,R1 

; 32 CONVERSIONS 

LDI 

0C714H,R1 

; 24 CONVERSIONS 

CALL 

SWRITE 

; INIT. INTERRUPT ENABLE REG. 

LDI 

©TIMER, RO 


LDI 

0AAAAH,R1 


CALL 

SWRITE 

; LOAD SOME VALUE IN TIMER 

LDI 

®RAM0,R0 

; INSTRUCTIONS FOR 8 CONVERSION 

LDI 

OOOOH,R1 

; ON EACH CHANNEL (0-7) ALL SINGLE ENDED 

CALL 

SWRITE 

; SET RAMO 

LDI 

®RAM1,R0 


LDI 

0004H,R1 


CALL 

SWRITE 

; SET RAMI 

LDI 

®RAM2,R0 


LDI 

0008H,R1 


CALL 

SWRITE 

; SET RAM2 

LDI 

®RAM3,R0 


LDI 

000CH,R1 


CALL 

SWRITE 

/ SET RAM3 

LDI 

®RAM4 , RO 


LDI 

0010H,R1 


CALL 

SWRITE 

; SET RAM4 

LDI 

©RAM5,R0 


LDI 

0014H,R1 


CALL 

SWRITE 

; SET RAMS 

LDI 

®RAM6,R0 


LDI 

0018H,R1 


CALL 

SWRITE 

; SET RAM6 

LDI 

®RAM7,R0 


LDI 

001CH,R1 


CALL 

SWRITE 

; SET RAM7 

LDI 

©CONFIG, RO 

; START FULL CALIBRATION 

LDI 

0088H,R1 

; SYNC. PIN OUTPUT 

CALL 

SWRITE 
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TMS320C3X Assembly Code Example (Continued) 


CHKINTl TSTB 

80H,IOF 

TEST XFl INPUT CONNECTED TO LM12438'S INTERRUPT 


BNZ 

CHKINTl 

FOR COMPLETION OF FULL CALIBRATION 


LDI 

®INTSTAT,RO 



CALL 

SREAD 

READ INTERRUPT STATUS REG. 


DOAGAIN LDI 

©CONFIG, RO 

IF FULL CALIBRATION IS DONE SET THE START BIT 


LDI 

0081H,R1 

OF LM12438 CONFIG. REG. (SYNC. PIN OUTPUT) 


CALL 

SWRITE 

START LM12438 SEQUENCER 


CHKINT2 TSTB 

80H,IOF 

TEST XFl INPUT CONNECTED TO LM12438'S INTERRUPT 


BNZ 

CHKINT2 

(COMPLETION OF 24 FIFO CONVERSIONS) 


LDI 

0CONPIG,RO 



LDI 

0080H,R1 

STOP THE CONVERSION (IS NOT NECESSARY) 


CALL 

SWRITE 



LDI 

®INTSTAT,RO 



CALL 

SREAD 

READ INTERRUPT STATUS REG^ 


LDI 

32, R4 



FLOOP LDI 

R4,R1 



LDI 

®FIFO,RO 

READ FIFO 


CALL 

BREAD 



SUBB 

1,R4 



BNZ 

FLOOP 



LDI 

©CONFIG, RO 



LDI 

0002H,R1 

RESET LM12438 (SYNC. PIN OUTPUT) 


CALL 

SWRITE 



BR 

DOAGAIN 



IDLE 




; LM12438 BURST 

READ ROUTINE THROUGH SERIAL PORTl 


BREAD PUSH 

ST 

SAVE STATUS REG. 


PUSH 

ARO 

SAVE ARO 


PUSH 

ARl 

SAVE ARl 


PUSH 

AR2 

SAVE AR2 


PUSH 

RO 

SAVE RO 


PUSH 

R1 

SAVE R1 


PUSH 

R2 

SAVE R2 


PUSH 

R3 

SAVE R3 


PUSH 

R4 

SAVE R4 


LDI 

©CTRL, ARO 

LOAD in ARO the pointer to control 


LDI 

®FIFODATA,AR2 

USE AR2 AS POINTER TO FIFO DATA 


LDI 

®SERGL0B1R,R2 

PREPARE FOR 16 BIT TRANSMIT 


CMPI 

0,R1 

IF COUNTER IS 0 (USER'S ERROR) 


BZ 

BDONE2 

TERMINATE NOW ELSE CONTINUE 


CMPI 

1,R1 

IF A SINGLE READ REQUIRED THEN 


BZ 

SINGLE 

CALL THE SINGLE READ SUBROUTINE 


BR 

MLTIPLE 

ELSE GO ON 


SINGLE LDI 

®FIFO,RO 

FOR SINGLE READ FIFO ADDRESS IS 


CALL 

SREAD 

CALLING SINGLE READ ROUTINE 


STI 

R1,*AR2++(1) 

STORE READ DATA INTO FIFODATA 


BR 

BDONE2 

TERMINATE 


MLTIPLE LDI 

13, R4 

SET UP R4 AS THE DELAY COUNTER 


LDI 

®SERGL0B1R,R2 

PREPARE FOR 16 BIT TRANSMIT 


STI 

R2,*+AR0{80) 

Init serial 1 global control 


RPTS 

7 

POSITION THE ADDRESS 


ROL 

RO 

TO START AT BIT #10 


OR 

1080H,RO 

SET THE READ BIT 


LDI 

R0,R3 

RO IS FREED FOR LAST READ 


LDI 

©CONFIG, RO 

PREPARE FOR A LAST CONFIG REG. READ 


RPTS 

7 

WHICH WILL STOP LM12438 FROM GENERATING 


ROL 

RO 

FURTHER BURST READS 


OR 

80H,R0 

SET THE READ BIT 
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7.0 Digital Interface (Continued) 

TMS320C3X Assembly Code Example (Continued) 



STI 

R3,*+ARO{80) 

; Init serial 1 data xmt register 


RPTS 

2H 

; PROVIDE DELAY FOR UPDATE OF 


NOP 


; XSREMPTY BIT IN GLOB CONT REG. 


LDI 

10>00B,R3 


CHKR2 

TSTB 

*+AR0(80) ,R3 

; CHECK SER. 1 CONTROL XSREMPTY 


BNZ 

CHKR2 

; IP XSREMPTY=1 THEN KEEP CHECKING 

COUNT 

NOP 




SUBB 

1,R1 

; DECREMENT COUNTER (Rl) AND CHECK FOR ZERO 


LDI 

1,R3 

; PREPARE R3 FOR CHECKING RRDY BIT 

RCONT3 

TSTB 

*+AR0(80) ,R3 



BZ 

RCONT3 

; IF RRDY=0 THEN CHECK AGAIN 

RDONE2 

LDI 

*+AR0(92) ,R3 

; LOAD DRR (RECEIVED DATA), RRDY. IS CLEARED 


AND 

0FFFFH,R3 

; CLEAN UP THE UPPER BITS 


STI 

R3,*AR2++(1) 

; PLACE READ DATA IN FIFODATA 


CMPI 

1,R1 

; IP CODNTER=l THEN TERMINATE 


BNZ 

COUNT 

/ ELSE CONTINUE 

BSTDONE 

RPTS 

R4 

; WAIT FOR THE 16TH CLOCK RISE 


NOP 


; BEFORE SENDING THE TERMINATING 
; READ FROM CONFIG. REG 


STI 

R0,*+AR0(88) 

/ XMT FOR LAST READ FROM CONFIG REG 

RCONT4 

LDI 

*+AR0(80) ,R3 

/ READ SER. 1 CONTROL REGISTER TO 


TSTB 

0001B,R3 

/ CHECK FOR RRDY BIT 


BZ 

RCONT4 

/ IP RRDY IS 1, EXIT THE BURST ROUTINE 

RCONT5 

LDI 

*+AR0(92) ,R3 

/ READ THE LAST BURST DATA IN DRR 


AND 

0FFFFH,R3 

; CLEAN UP THE UPPER BITS 


STI 

R3,*AR2++(1) 

; PLACE IT IN FIFODATA 

RCONT6 

LDI 

*+AR0(80) ,R3 

; READ SER. 1 CONTROL REGISTER TO 


TSTB 

0001B,R3 

CHECK FOR RRDY BIT 


BZ 

RCONT6 


BDONE2 

LDI 

*+AR0(92) ,R3 

; READ THE DRR (CLEAR RRDY BIT) 


POP 

R4 

; RESTORE R4 


POP 

R3 

i RESTORE R3 


POP 

R2 

; RESTORE R2 


POP 

R1 

; RESTORE Rl 


POP 

RO 

; RESTORE RO 


POP 

AR2 

; RESTORE AR2 


POP 

ARl 

; RESTORE ARl 


POP 

ARO 

; RESTORE ARO 


POP 

ST 

; RESTORE ST 


RETS 
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TMS320C3X Assembly Code Example (Continued) 


; LM12438 SINGLE READ ROUTINE THROUGH SERIAL PORTl 


SREAD 

PUSH 

ST 

SAVE STATUS REG. 



PUSH 

ARO 

SAVE ARO 



PUSH 

RO 

SAVE RO THE READ ADDRESS 



PUSH 

R2 

SAVE R2 



LDI 

QCTRL,AR0 

LOAD in ARO the pointer to control 



LDI 

@SERGL0B1R,R2 

PREPARE FOR 16 BIT TRANSMIT 

AND 16 BIT RECIEVE 



STI 

R2,*+AR0(80) 

Init serial 1 global control 



RPTS 

7 

POSITION THE ADDRESS 



ROL 

RO 

TO START AT BIT #10 



OR 

80H,R0 

SET THE READ BIT 



STI 

R0,*+AR0(88) 

Init serial 1 data xmt register 



RPTS 

2H 

PROVIDE DELAY FOR UPDATE OF 



NOP 


XSREMPTY BIT IN GLOB CONT REG. 


CHKRl 

LDI 

*+AR0(80) ,R0 

READ SER. 1 CONTROL XSREMPTY 



TSTB 

1000B,R0 

CHECK 



BNZ 

CHKRl 

IF IT IS CLEAR (TRANSMIT COMPLETE) CONTINUE 


RCONTl 

LDI 

*+AR0 (80) ,R0 

READ SER. 1 CONTROL 



TSTB 

0001B,R0 

CHEK RRDY BIT 



BZ 

RCONTl 

IF RRDY IS 1 (RECEIVE COMPLETE) CONTINUE 


RDONEl 

LDI 

*+AR0 (92) ,R1 

LOAD DRR (RECEIVED DATA) INTO R1 



AND 

0FFFFH,R1 

CLEAN UP UPPER BITS 



POP 

R2 

RESTORE R2 



POP 

RO 

RESTORE RO THE READ ADDRESS 



POP 

ARO 

RESTORE ARO 



POP 

Sf 

RESTORE ST 



RETS 




; LM12438 WRITE 

ROUTINE THROUGH SERIAL PORTl 


SWRITE 

PUSH 

ST 

SAVE STATUS REG. 



PUSH 

ARO 

SAVE ARO 



PUSH 

R2 

SAVE R2 



LDI 

(SCTRL^ARO 

LOAD in ARO the pointer to control 



LDI 

(SSERGLOBIW, R2 

PREPARE FOR 32 BIT TRANSMIT 



STI 

R2,*+AR0(80) 

Init serial 1 global control 



AND 

@CLNDATA,R1 

CLEAN UP UNUSED ADD. BITS 



RPTS 

23 

POSITION THE ADDRESS TO START AT BIT #27 



ROL 

RO 




RPTS 

6 

POSITION DATA TO START AT BIT #22 



ROL 

R1 




OR 

o 

Pi 




STI 

R0,*+AR0 (88) 

Init serial 1 data xmt register 



RPTS 

2H 

PROVIDE DELAY FOR UPDATE OF 



NOP 


XSREMPTY BIT IN GLOB CONT REG. 


CHKl 

LDI ■ 

*+AR0 (80) ,R0 

READ SER. 1 CONTROL XSREMPTY 



TSTB 

1000B,R0 

CHECK 



BNZ 

CHKl 

IP IT IS CLEAR (TRANSMIT COMPLETE) COOTINUE 


WDONEl 

POP 

R2 

RESTORE R2 



POP 

ARO 

RESTORE ARO 



POP 

ST 

RESTORE ST 



RETS 
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7.0 Digital Interface (Continued) 

7.4 |2C BUS INTERFACE 

The |2C bus is a serial synchronous bus structure. It Is a 
multi-master bus, which means that more than one device 
capable of controlling the bus can be connected to it. The 
bus uses 2 wires, serial data (SDA) and serial clock (SCL), 
to carry information between the devices connected to the 
bus. Both data and clock lines are bidirectional and are con- 
nected to the positive power supply via a pull-up resistor. 
Each device is identified by a unique address, whether it is a 
microprocessor/controller or a peripheral such as memory, 
keyboard, data-converter or display. Each device can oper- 
ate as either transmitter or receiver, depending on the func- 
tion of the device. In addition to transmitters and receivers, 
devices can also be considered as masters and slaves 
when performing data transfer. A master is the device that 
initiates a data transfer on the bus and generates the clock 
signals to permit that transfer. At that time, any device ad- 
dressed is considered slave. It should be apparent that the 
|2C bus is not merely an interconnecting wire, it embodies 
comprehensive formats and procedures for addressing, 
transfer cycles start and stop, clock generation/synchroni- 
zation and bus arbitration. The following discussion as- 
sumes that the reader Is familiar with the specification and 
architecture of the |2C bus. 

The LM 12434 and LM12{Ll438’s |2C bus interface. Is se- 
lected when the MODESEL1 and MODESEL2 pins have the 
logic state of “10”. Figure 18 shows a typical connection 
diagram for the LM 12434 and LM12(Ll438 to the |2C bus. 
As was mentioned, communication on the |2C bus Is per- 
formed on 2 lines, SCL (serial clock) and SDA (serial data); 
pins P5 and P4 are assigned to these lines. The DAS oper- 
ates as a slave on the |2C bus. As a result, the SCL line is 
an input (no clock is generated by the LM12434 and 
LM12(Ll438) and the SDA line is a bi-directional serial data 
path. According to |2C bus specifications, the DAS has a 
7-bit slave address. The four most significant bits of the 
slave address are hard wired Inside the LM12434 and 
LM12{Ll438 and are “0101”. The three least significant 
bits of the address are assigned to pins P3-P1. Therefore, 
the LM12434 and LM12(L]438 |2C slave address is: 


0 

□ 



P3 

1 P2 

PI 


MSB LSB 


Tying the P3-P1 pins to different logic levels allows up to 
eight LM 12434 and LM12{L}438’s to be addressed on a 
single |2C bus. 

Figure 17 shows the timing diagram for the read and write 
cycles for the LM 12434 and LM12(L}438’s |2C interface. 


This timing diagram depicts the general relationship be- 
tween the serial clock edges and the data bits. It is not 
meant to show guaranteed timing performance. (See speci- 
fication tables for parametric switching characteristics.) The 
DAS’s |2C Interface timing parameters fully meet or exceed 
the |2C bus specification. Data transfer on the |2C bus is 
byte oriented and the 16-bit data to be written to or read 
from each register is transferred In two bytes. 

Write cycle: A write cycle is illustrated in Figure 17a. Com- 
munication is initiated with a start condition generated by a 
master (|2C bus specification), followed by a byte of the 
DAS’s slave address with the read/write bit (8th bit) being 
“0”, indicating a write cycle will follow. At the 9th SCL clock 
pulse of the first data packet, the DAS pulls the SDA line 
low (“0”) to acknowledge that it has been addressed. The 
next byte is the address of the DAS register to be accessed. 
The format of this byte is three “O’s” (MSBs) followed by 
four bits of register address (MSB first as shown) and a “0” 
as the last bit (LSB). After the DAS acknowledges the ad- 
dress byte, the 1 6-bit data proceeds in two bytes, beginning 
with the high order byte (MSB first). The direction of the 
data in a write cycle is from master to DAS with acknowl- 
edgement given by the DAS at the end of each byte. The 
cycle is completed by a stop condition generated by the 
master. 

Read/burst read cycle: The read and burst read cycles for 
the |2C interface are combined in a single format. A read 
cycle is shown in Figure 17b. A read cycle starts the same 
as a write with a slave address byte for write followed by a 
register address byte. After the register address byte is writ- 
ten to the DAS, the bus should be released without any stop 
condition. The master then applies a repeat start condition 
followed by the DAS’s slave address, but with the read/ 
write bit being “1”, indicating a read request from the mas- 
ter. The DAS (slave) acknowledges its address and begin- 
ning with the next byte, the direction of the data will be from 
DAS to master. The DAS starts to transmit the contents of 
its register (addressed previously at second byte of the cy- 
cle) synchronized with the clocks applied by the master. An 
even number of data bytes should be read from the DAS 
(two bytes per register). At the end of each byte received 
from the DAS the bus master generates an acknowledge. 
The DAS continues to repeat transmitting its register con- 
tents as long as the master is transmitting clocks and ac- 
knowledges at the end of each byte. The DAS recognizes 
the end of the transfer whenever the master does not ac- 
knowledge at the end of an even numbered byte. At this 
point, the master should generate a stop condition as re- 
quired by the |2C bus specification. Notice that the master 
may read only one word (single read) or as many words (two 
bytes each) as it needs using the read procedure. 
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DAS Slave Address 
Master to DAS 


Start Condition 
by Master 


Read/Write Bit 
"0" for write 


DAS Internal 
Register Address 
Master to OAS 


1st Data Byte 
Master to DAS 

■ Acknowledge by Slave (DAS) ■ 


2nd Data Byte 
Master to DAS 


Stop Condition 
by Master 


(a) Write Cycle 
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0/110/1 Yp3Yp2Yp, / R \ a / \d15Yd,4Yd,3Yd,2Yd,iYd,oY 


DAS Slave Address 
Master to DAS 


Start Condition 
by Master 


Read/Write Bit 
"0" for Write 


DAS Internal 
Register Address 
Master to DAS 


DAS Slave Address 
Master to DAS 


1st Data Byte 
DAS to Master 


Repeated Start 

■ Acknowledge by Slave (DAS) ' by Master 


Read/Write Bit Acknowledge by 
"I" for Read Slave (DAS) 


I A / \07XD6ID51D4XD3YD2XdiID0\ 


2nd Data Byte 
DAS to Master 


■ Acknowledge by Master • 


SCL (Cont.) ' 


•jifinnnrLfinMnji^^ 


SDA (Cont.) ' 


)15XD14XD13XD12XD11XD10X09XD8\ A | \ D7 X 06 X 05 X D4 X D3 X D2 X D1 X DO \ A | \D15XD14XD13XD12XD1 iXOlOX 09 X 08 \ A / \ 07 X 06 X 05 X 04 X 03 X 02 X 01 X DO / 


(N-3)th Data Byte 
DAS to Master 


Nth*(last) Data Byte 
DAS to Master 


Acknowledge by Master - 


No Acknowledge Stop Condition 
by Master by Master 


*n should be an even number. 


(b) Read Cycle/Burst Read Cycle 

FIGURE 17. Timing Diagrams for LM12434 and LM12[L]438 I^C Interface 


88k{i}3n/\n/kefr2Hfln 


7.0 Digital Interface (Continued) 



LM12434/LM12(L}438 


7.0 Digital Interface (Continued) 

7.4.1 Example of Interfacing to an l^c Bus Controller (No Assembly Code) 


LM12434/ 

LM12{L}438 



TL/H/1 1879-82 

Note: Other device pins are not shown. 

FIGURE IS. Interfacing the DAS to an I^C Bus Controller 
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8.0 Analog Considerations 

8.1 REFERENCE VOLTAGE 

The difference between the voltages applied to the Vref+ 
and Vref- is the analog input voltage span (the difference 
between the voltages applied across two multiplexer Inputs 
or the voltage applied to one of the multiplexer inputs and 
analog ground, over which 4095 positive and 4096 negative 
codes exist). The voltage sources driving Vref+ or Vref- 
must have very low output impedance and noise. The circuit 
in Figure 19 is an example of a very stable reference appro- 
priate for use with the LM 12434 and LM12(Ll438. 

The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC’s 
reference voltage. When this voltage is the system power 
supply, the Vref+ pin is connected to Va+ and Vref- is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 
For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence Inputs. Typically, the reference voltage’s magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 

8.2 INPUT RANGE 

The LM 12434 and LM12{Ll438’s fully differential ADC and 
reference voltage inputs generate a two’s-complement out- 
put that is found by using the equation below. 

output code = — Y|N~ ( 4095 ) - 1/2 (12-blt) 

Vref+ “ Vref- 

output code = ~ (256) - '/i (8-bit) 

Vrep+ - Vref- 

Round up to the next integer value between -4096 to 4095 
for 12-blt resolution and between -256 to 255 for 8-bit res- 
olution if the result of the above equation is not a whole 
number. As an example, Vref+ = 2.5V, Vref- = 1V, 
V|N+ = 1.5V and V|n_ = GND. The 12-blt + sign output 
code is positive full-scale, or 0,1111,1111,1111. If Vref+ 
= 5V, Vref- = 1V, ViN-f = 3V, and V|n- = GND, the 
12-bit + sign output code is 0,1100,0000,0000. 


8.3 INPUT CURRENT 

A charging current flows into or out of (depending on the 
input voltage polarity) the analog Input pins, IN0-IN7 at the 
start of the analog input acquisition time (tACo)- This cur- 
rent’s peak value will depend on the actual input voltage 
applied. 

8.4 INPUT SOURCE RESISTANCE 

For low impedance voltage sources (<60ft for 8 MHz oper- 
ation), the input charging current will decay, before the end 
of the S/H’s acquisition time, to a value that will not intro- 
duce any conversion errors. For higher source impedances, 
the S/H’s acquisition time can be increased. As an exam- 
ple, operating with a 8 MHz clock frequency and maximum 
acquisition time, the LM 12434 and LM12438’s analog inputs 
can handle source impedances as high as 4.17 kft. Refer to 
Section 6.2.1, Instruction RAM “00”, Bits 12-15 for further 
information. 

8.5 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 ;xF-0.1 julF) can be connected be- 
tween the analog input pins, IN0-IN7, and analog ground to 
filter any noise caused by Inductive pickup associated with 
long input leads. These capacitors will not degrade the con- 
version accuracy. 

8.6 INPUT NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

8.7 POWER SUPPLY CONSIDERATIONS 

Decoupling and bypassing the power supply on a high reso- 
lution ADC is an important design task. Noise spikes on the 
Va+ (analog supply) or Vd+ (digital supply) can cause 
conversion errors. The analog comparator used in the ADC 
will respond to power supply noise and will make erroneous 
conversion decisions. The DAS is especially sensitive to 
power supply spikes that occur during the auto-zero or lin- 
earity calibration cycles. 


V,N = +13V to +15V 



•Tantalum 

••Ceramic 


TL/H/ 11879-20 


FIGURE 19. Low Drift Extremely Stable Reference Circuit 
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LM12434/LM12{L}438 





LM12434/LM12fL|438 


8.0 Analog Considerations (Continued) 

The LM1 2434/8 is designed to operate from a single +5V 
power supply. The LM12{Ll438 is designed to operate from 
a single + 3.3V supply. The separate supply and ground 
pins for the analog and digital portions of the circuit allow 
separate external bypassing. To minimize power supply 
noise and ripple adequate bypass capacitors should be 
placed directly between power supply pins and their associ- 
ated grounds. Both supply pins are generally connected to 
the same supply source. In systems with separate analog 
and digital supplies, the DAS should be powered from the 
analog supply. At least a 1 0 jllF tantalum electrolytic capaci- 
tor in parallel with a 0.1 ju,F monolithic ceramic capacitor is 
recommended for bypassing each power supply. The key 
consideration for these capacitors is to have the low series 
resistance and inductance. The capacitors should be placed 
as close as physically possible to the supply and ground 
pins with the smaller capacitor closer to the device. The 
capacitors also should have the shortest possible leads in 
order to minimize series lead inductance. Surface mount 
chip capacitors are optimal in this respect and should be 
used when possible. 

When the power supply regulator is not local on the board, 
adequate bypassing (a high value electrolytic capacitor) 
should be placed at the power entry point. The value of the 
capacitor depends on the total supply current of the circuits 
on the PC board. All supply currents should be supplied by 
the capacitor instead of being drawn from the external sup- 
ply lines, while the external supply charges the capacitor at 
a steady rate. 

The DAS has two Vd+ and DGND pins on two sides of its 
package. It Is recommended to use a 0.1 juF plus a 10 juiF 
capacitor between pins 15 and 16 (Vd+) and 14 (DGND) 
and a 0.1 jaF capacitor between pins 28 (Vd+) and 1 
(DGND) for the PLCC package. The respective pins for the 
SO package are 21 and 22 (Vd + ) and 20 (DGND), 6 (Vd + ) 
and 7 (DGND). The layout diagrams in Section 8.8 show the 
recommended placement for the supply bypass capacitors. 

8.8 PC BOARD LAYOUT AND GROUNDING 
CONSIDERATIONS 

To get the best possible performance from the LM 12434 
and LM12{Ll438, the printed circuit boards should have 
separate analog and digital ground planes. The reason for 
using two ground planes is to prevent digital and analog 
ground currents from sharing the same path until they reach 
a very low impedance power supply point. This will prevent 
noisy digital switching currents from being injected into the 
analog ground. 

Figure 20 illustrates a favorable layout for ground planes, 
power supply and reference Input bypass capacitors. Figure 
20a shows a layout using a 28-pin PLCC socket and 
through-hole assembly. Figure 20b shows a surface mount 
layout for the same 28-pin PLCC package. A similar ap- 
proach should be used for the SO package. 

The analog ground plane should encompass the area under 
the analog pins and any other analog components such as 
the reference circuit, input amplifiers, signal conditioning cir- 
cuits, and analog signal traces. 

The digital ground plane should encompass the area under 
the digital circuits and the digital input/output pins of the 
DAS. Having a continuous digital ground plane under the 


data and clock traces Is very important. This reduces the 
overshoot/undershoot and high frequency ringing on these 
lines that can be capacitively coupled to analog circuitry 
sections through stray capacitances. 

The AGND and DGND in the LM12434 and LM12{L]438 
are not internally connected together. They should be con- 
nected together on the PC board right at the chip. This will 
provide the shortest return path for the signals being ex- 
changed between the internal analog and digital sections of 
the DAS. 

It Is also a good design practice to have power plane layers 
in the PC board. This will Improve the supply bypassing (an 
effective distributed capacitance between power and 
ground plane layers) and voltage drops on the supply lines. 
However, power planes are not essential as ground planes 
are for the performance of the DAS. If power planes are 
used, they should be separated into two planes and the 
area and connections should follow the same guidelines as 
mentioned for the ground planes. Each power plane should 
be laid out over its associated ground planes, avoiding any 
overlap between power and ground planes of different 
types. When the power planes are not used, it is recom- 
mended to use separate supply traces for the Va+ and 
Vd+ pins from a low Impedance supply point (the regulator 
output or the power entry point to the PC board). This will 
help ensure that the noisy digital supply does not corrupt 
the analog supply. 

When measuring AC input signals with the DAS, any cross- 
talk between analog input/output lines and the reference 
lines (IN0-IN7, MUXOUT±, S/H IN±, Vref±) should be 
minimized. Cross talk is minimized by reducing any stray 
capacitance between the lines. This can be done by in- 
creasing the clearance between traces, keeping the traces 
as short as possible, shielding traces from each other by 
placing them on different sides of the AGND plane, or run- 
ning AGND traces between them. 

Figure 20 also shows the reference input bypass capacitors. 
Here the reference inputs are considered to be differential. 
The performance of the DAS improves by having a 0.1 /iF 
capacitor between the Vref+ and Vref“. and by bypass- 
ing in a manner similar to that described in Section 8.7 for 
the supply pins. When a single ended, reference is used, 
Vref“ is connected to AGND and only two capacitors are 
used between Vref+ and Vref~ (0.1 juiF + 10 juF). It Is 
recommended to directly connect the AGND side of these 
capacitors to the Vref~ instead of connecting Vref“ and 
the ground sides of the capacitors separately to the ground 
planes. This provides a significantly lower-impedance con- 
nection when using surface mount technology. 

Figure 21 is Intended to give a general idea of how the DAS 
should be wired and Interfaced to a \xO that operates in the 
Standard Interface mode. All necessary analog and digital 
power supply and voltage reference bypass capacitors are 
shown. A voltage reference of 4.096V generated by the 
LM4040-4.1 is connected to the Vref+ of the DAS and the 
Vref- is connected to analog ground. The serial interface 
pins PI through P5 of the DAS are connected to the jaC’s 
serial control lines and the interrupt pin of the DAS is wired 
directly to the interrupt of the jnC. In this diagram the DAS 
runs on a separate clock than the jmC, however, in some 
applications the DAS analog clock (CLK) may be a deriva- 
tive of the juiC’s clock. 


1-110 




8.0 Analog Considerations (Continued) 



TL/H/1 1879-50 

(a) Through Hole Technology with 28-Pin PLCC Socket 


FIGURE 20. Printed Circuit Board Layout for LM12434and LM12(Ll438 
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LM12434/LM12{L]438 




LM12434/LM12{Ll438 


8.0 Analog Considerations (Continued) 





^ Ground Plane Connection 


10 aiF 


0.1 PL? 


VRrr+ 1 


H-tf 


n 

28 



Analog Ground Plane 
AGND 




Digital Ground Plane 
DGND 


+ 5V - 
Power Supply 

(b) Surface Mount Technology for 28-Pin PLCC Package 
FIGURE 20. Printed Circuit Board Layout for LM12434 and LM12{Ll438 (Continued) 


TL/H/1 1879-51 


1-112 




8.0 Analog Considerations (Continued) 


Microcontroller (Standard Interface Mode) 



Analog Inputs 

FIGURE 21. General Schematic of the DAS Operating in Standard Interface Mode 
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LM12454/LM12H454/LM12458/LM12H458 


National Semiconductor 


LM12454/LM12H454/LM12458/LM12H458 12-Bit + 
Sign Data Acquisition System with Seif-Caiibration 


General Description 

The LM12454, LM12H454, LM12458, and LM12H458 are 
highly integrated Data Acquisition Systems. Operating on 
just 5V, they combine a fully-differential self-calibrating (cor- 
recting linearity and zero errors) 13-bit (12-bit + sign) ana- 
log-to-digital converter (ADC) and sample-and-hold (S/H) 
with extensive analog functions and digital functionality. Up 
to 32 consecutive conversions, using two’s complement for- 
mat, can be stored in an internal 32-word (16-bit wide) FIFO 
data buffer. An internal 8-word RAM can store the conver- 
sion sequence for up to eight acquisitions through the 
LM12(H)458’s eight-input multiplexer. The LM12(H)454 has 
a four-channel multiplexer, a differential multiplexer output, 
and a differential S/H input. The LM12(H)454 and 
LM12(H)458 can also operate with 8-bit + sign resolution 
and in a supervisory “watchdog" mode that compares an 
input signal against two programmable limits. 

Programmable acquisition times and conversion rates are 
possible through the use of internal clock-driven timers. The 
reference voltage input can be externally generated for ab- 
solute or ratiometric operation or can be derived using the 
internal 2.5V bandgap reference. 

All registers, RAM, and FIFO are directly addressable 
through the high speed microprocessor interface to either 
an 8-bit or 16-bit databus. The LM12(H)454 and 
LM12(H)458 include a direct memory access (DMA) inter- 
face for high-speed conversion data transfer. 

An evaluation/interface board is available. Order num- 
ber LM12458EVAL. 

Additional applications information can be found in applica- 
tions note AN-906. 

Key Specifications (fcLK = s mhz; 8 mhz. h) 

■ Resolution 1 2-blt + sign or 8-bit + sign 

■ 13-bit conversion time 8.8 /xs, 5.5 p.s (H) (max) 


■ 9-bit conversion time 

■ 13-blt Through-put rate 

■ Comparison time 
(“watchdog" mode) 

■ ILE 

■ V|N range 

■ Power dissipation 

■ Stand-by mode 

■ Single supply 


4.2 jLis, 2.6 jlls (H) (max) 
88k samples/s (min) 
140k samples/s (H) (min) 

2.2 jLis (max) 
1 .4 jits (H) (max) 
± 1 LSB (max) 
GND to Va+ 
30 mW, 34 mW (H) (max) 
50 /xW (typ) 
3V to 5.5V 


Features 

■ Three operating modes: 1 2-blt + sign, 8-bit + sign, 
and “watchdog” 

■ Single-ended or differential inputs 

■ Built-in Sample-and-Hold and 2.5V bandgap reference 

■ Instruction RAM and event sequencer 

■ 8-channel (LM12(H)458), 4-channel (LM12(H)454) 
multiplexer 

■ 32-word conversion FIFO 

■ Programmable acquisition times and conversion rates 

■ Seif-calibration and diagnostic mode 

■ 8- or 16-blt wide databus microprocessor or DSP 
interface 

Applications 

■ Data Logging 

■ Instrumentation 

■ Process Control 

■ Energy Management 

■ Inertial Guidance 


Ordering Information 


Guaranteed Guaranteed 

Clock Freq (min) Linearity Error (max) 
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Connection Diagrams 




nnnnnnnnnnn 


DSC 
D6 C 
07 C 
D8 C 
D9C 

^0+ [I 

DIOC 
Dll C 
DI2C 
D13C 
DUC 


5 4 3 2 1 44 43 42 41 40 


LM12458 

LM12H458 

(LM12454) 

(LM12H454) 


16 19 20 21 22 23 24 26 26 27 26 


unu ' nu '' iiu Ti u 'n u ' " 

- k Is lo J J < < < < < 


I3IN5(MUX0UT+)* 

□ lN4(MUX0UT-)* 

□ lN3 

□ lN2 

□ INI 

□ INO 

□ gnd 

□ DMARQ 

□Int 

□ bw 

□ sync 


TL/H/11 264-2 


*Pin names in ( ) apply to the LM12454 and LM12H454. 

Order Number LM12454CIV, LM12H454CIV, LM12458CIV or LM12H458CIV 
See NS Package Number V44A 


Order Number LM12458M EL/883 or 5962-931 9501 MY A, 
LM12H458MEL/883 or 5962-93 19502MYA, 
LM12458MW/883 or 5962-93 19501 MX A, 
LM12H458MW/883 or 5962-93 19502MX A 
See NS Package Number EL44A or WA44A 



Order Number LM12458CIVF or LM12H458CIVF 
See NS Package Number VGZ44A 


TL/H/1 1264-34 
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LM1 2454/LM12H454/LM 12458/LM 1 2H458 


Functional Diagrams 


LM12(H)454 



DO D1 D2 D3 D4 D5 D6 D7 D8 D9 DIO D1 1 Dl2 D13 D14 D15 AO A1 A2 A3 A4 CS RD WR ALE 

(LSB) (MSB) 


TL/H/1 1264-1 


LM12(H)458 



DO D1 D2 D3 D4 D5 D6 D7 D8 D9 DIO Dll D12 D13 D14 D15 AO A1 A2 A3 A4 CS RD WR ALE 

(LSB) (MSB) 


TL/H/1 1264-21 
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Absolute Maximum Ratings (Notes i & 2) 

If Military/Aerospace specified devices are required, See AN-450 “Surface Mounting Methods and Their Effect 

piease contact the National Semiconductor Sales on Product Reliability” for other methods of soldering sur- 

Offlce/Dlstrlbutors for availability and specifications. face mount devices. 

Supply Voltage (Va+ and Vd+) 6.0V . . 

Voltage at Input and Output Pins OpGrSting RdtingS (Notes 1 &2) 

except IN0-IN3 (LM12(H)454) - 0.3V to V+ + 0.3V Temperature Range 

and IN0-IN7 (LM12(H)458) (T^in ^ Ta ^ Tmax) 

Voltage at Analog Inputs IN0-IN3 (LM12(H)454) LM12(H)454CIV/LM12(H)458CIV -40°C ^ Ta ^ 85“C 

and IN0-IN7 (LM12(H)458) GND - 5Vto V+ + 5V LM12(H)458MEL(MW)/883 -55°C ^ Ta ^ 125^0 

|Va+_Vd+| 300 mV Supply Voltage 

Input Current at Any Pin (Note 3) ±5mA Va+,Vd+ 3.0V to 5.5V 

Package Input Current (Note 3) ± 20 m A I Va “ Vp + 1 ^ 1 00 mV 

Power Dissipation (Ta = 25“C) V|N+ ^nput Range GND ^ V|n+ ^ Va+ 

V Package (Note 4) 875 mW V|n_ Input Range GND ^ V|n- ^ Va+ 

Storage Temperature -65°Cto +150'’C Vref+ > nput Voltage IV ^ Vref+ ^ Va+ 

Lead Temperature Vref- Input Voltage OV ^ Vref- ^ Vref+ “ 1V 

V Package, Infrared, 15 sec. +300'’C Vref+ ~ Vref- ^ Vref ^ Va+ 

EL and W Packages. Solder. 1 0 sec. + 250'’C Common Mode 

ESD Susceptibility (Note 5) 1.5kV Range (Note 16) 0.1 Va+ ^ Vrefcm ^ 0-6 Va+ 

LM1 2(H)458MEL(MW)/883 2.0 kV 

Converter Characteristics 

The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for Va+ = Vd+ = 5V, Vref+ = 

5V, Vref- = OV, 12-bit + sign conversion mode, fciK = 8.0 MHz (LM12H454/8) or fcLK = 5.0 MHz (LM12454/8), Rs = 
25n, source impedance for Vref+ and Vref- ^ 25fl, fully-differentlal input with fixed 2.5V common-mode voltage, and 
minimum acquisition time unless otherwise specified. Boldface limits apply for = Tj = T|y||N to TmaxI all other limits 

Ta = Tj = 25'’C. (Notes 6, 7, 8, 9 and 19) 


Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

■ 

Positive and Negative Integral 

Linearity Error 

After Auto-Cal (Notes 12, 17) 

' 

+ 1/2 

±1 

LSB (max) 

TUE 

Total Unadjusted Error 

After Auto-Cal (Note 1 2) 

±1 


LSB 


Resolution with No Missing Codes 

After Auto-Cal (Note 1 2) 


13 

Bits (max) 

DNL 

Differential Non-Linearity 

After Auto-Cal 


±% 

LSB (max) 


Zero Error 

After Auto-Cal (Notes 13, 17) 
LM12H454 

LM12H458 

±1/2 

±1 

±1.5 

±1.5 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 7) 
LM12(H)458MEL/MW 

±1/2 

±2 

±2.5 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Notes 12, 17) 
LM12(H)458MEL/MW 



LSB (max) 


DC Common Mode Error 

(Note 14) 

±2 

±3.5 

LSB (max) 


8-Bit + Sign and “Watchdog” 

Mode Positive and Negative 

Integral Linearity Error 

(Note 12) 



LSB (max) 


8-Blt + Sign and “Watchdog” Mode 
Total Unadjusted Error 

After Auto-Zero 


±3/4 

LSB (max) 

SB 

8-Bit + Sign and “Watchdog” Mode 
Resolution with No Missing Codes 



9 

Bits (max) 

DNL 

8-Bit + Sign and "Watchdog" Mode 
Differential Non-Linearity 



± 3/4 

LSB (max) 


8-Bit + Sign and “Watchdog” Mode 

Zero Error 

After Auto-Zero 


±1/2 

LSB (max) 


8-Blt + Sign and "Watchdog" Positive 
and Negative Full-Scale Error 



±1/2 

LSB (max) 
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Converter Characteristics 

The following specifications apply to the LM 12454, LM12H454, LM 12458, and LM12H458 for Va+ = Vd"^ == 5V, 
Vref+ = 5V, Vref- = OV, 12-bit + sign conversion mode, fcLK == 8-0 MHz (LM12H454/8) or fcLK = 5.0 MHz 
(LM 12454/8), Rs = 25ft, source impedance for Vref+ and Vref- ^ 25ft, fully-differential input with fixed 2.5V common- 
mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = Tj = Tum to 
TmaxI all other limits Ta = Tj = 25“C. (Notes 6, 7, 8, 9 and 19) (Continued) 


Symbol 

Parameter 

Conditions 

1 

Typical 
(Note 10) 


8-Bit + Sign and “Watchdog” Mode 
DC Common Mode Error 

Multiplexer Channel-to-Channel 
Matching 

Non-Inverting Input Range 
Inverting Input Range 



< 

z 

+ 

1 

< 

z 

1 

Differential Input Voltage Range 



V|N+ - V|N- 
2 

Common Mode Input Voltage Range 



PSS 

Power Supply Zero Error 

Sensitivity Full-Scale Error 

(Note 1 5) Linearity Error 

Va+ = Vd+ = 5V ±10% 
Vref+ =4.5V.Vref- = 

1 

Gref 

Vref+/Vref- Input Capacitance 



Qn 

Selected Multiplexer Channel Input 
Capacitance 




Converter AC Characteristics 

The following specifications apply to the LM 12454, LM12H454, LM 12458, and LM12H458 for Va+ = Vd+ = 5V, 
Vref+ = 5V, Vref- = OV, 12-bit + sign conversion mode, fcLK = 5-0 MHz (LM12H454/8) or fcLK = 5.0 MHz 
(LM1 2454/8), Rs = 25ft, source impedance for Vref+ and Vref- ^ 25ft, fully-differential input with fixed 2.5V common- 
mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits appiy for Ta = Tj = Tum to 
Tmax; all other limits Ta = Tj = 25“C. (Notes 6, 7, 8, 9 and 19) 


Symbol 


Clock Duty Cycle 


Conversion Time 


Acquisition Time 


Auto-Zero Time 
Full Calibration Time 


Conditions 


1 3-Bit Resolution, 

Sequencer State S5 (Figure 1 1) 

9-Bit Resolution, 

Sequencer State S5 (Figure 1 1) 

Sequencer State S7 (Figure 11) 

Built-in minimum for 1 3-Bits 

Built-in minimum for 9-Bits and 
“Watchdog” mode ^ 

Sequencer State S2 (Figure 1 1) 76 (tcLK) 


Typical 

Limits 

(Note 10) 

(Note 11) 

50 

40 


60 

44 (tcLK) 

44 (tcLK) + SO ns 

' 

21 (tcLK) 

21(tcLK) + 50ns 

9(tCLK) 

9 (tCLK) + SO ns 

2 (tcLK) 

2 (tcLK) + SO ns 

76 (tcLK) 

76 (tQ|,K) + SO ns 

4944 (tcLK) 

4944 (tcLK) + SO ns 




two “Watchdog” Mode Comparison Time Sequencer States S6, S4, 

and S5 (Figure 11) 


11(tCLK) 11 (tcLK) + sons (max) 
















Converter AC Characteristics 

The following specifications apply to the LM 12454, LM12H454, LM 12458, and LM12H458 for Va+ = = 5V, 

Vref+ = 5V, Vref- = OV, 12-bit + sign conversion mode, fcLK - 5.0 MHz, Rs = 25fl, source impedance for Vref+ and 
Vref- ^ 250, fully-differential input with fixed 2.5V common-mode voltage, and minimum acquisition time unless otherwise 
specified. Boldface limits appiy for Ta = Tj = Tmin to Tmax: all other limits Ta = Tj = 25“C. (Notes 6, 7, 8, 9 and 19) 
(Continued) 

Symbol 

Parameter 

Conditions 

Typical 

Limits 

Unit 




(Note 10) 

(Note 11) 

(Limit) 

DSNR 

Differential Signal-to-Noise Ratio 

V|N = ±5V 






f|N = 1 kHz 

77.5 


dB 



f|N = 20 kHz 

75.2 


dB 



flN = 40 kHz 

74.7 


dB 


Single-Ended Signal-to-Noise Ratio 

V|N = 5 Vp.p 






flN = 1 kHz 

69.8 


dB 



flN = 20 kHz 

69.2 


dB 



f|N = 40 kHz 

66.6 


dB 

DSINAD 

Differential Signal-to-Noise + 

V|N = ±5V 





Distortion Ratio 

f|N = 1 kHz 

76.9 


dB 



f|N = 20 kHz 

73.9 


dB 



f|N = 40 kHz 

70.7 


dB 

SESINAD 

Single-Ended Signal-to-Noise + 

V|N = 5Vp.p 





Distortion Ratio 

f|N = 1 kHz 

69.4 


dB 



f|N = 20 kHz 

68.3 


dB 



f|N = 40 kHz 

65.7 


dB 

DTHD 

Differential Total Harmonic 

V|N = +5V 





Distortion 

f(N = 1 kHz 

-85.8 


dB 



flN = 20 kHz 

-79.9 


dB 



flN = 40 kHz 

-72.9 


dB 

SETHD 

Single-Ended Total Harmonic 

V|N = 5Vp.p 





Distortion 

flN = 1 kHz 

-80.3 


dB 



f|N = 20 kHz 

-75.6 


dB 



flN = 40 kHz 

-72.8 


dB 


Differential Effective Number of Bits 

V|N = ±5V 






f|N = 1 kHz 

12.6 


Bits 



flN = 20 kHz 

12.2 


Bits 



flN = 40 kHz 

12.1 


Bits 


Single-Ended Effective Number of Bits 

V|N = 5Vp.p 






flN = 1 kHz 

11.3 


Bits 



f|N = 20 kHz 

11.2 , 


Bits 



f|N = 40 kHz 

10.8 


Bits 

DSFDR 

Differential Spurious Free Dynamic 

ViN = ±5V 





Range 

flN = 1 kHz 

87.2 


dB 



f|N = 20 kHz 

78.9 


dB 



flN = 40 kHz 

72.8 


dB 


Multiplexer Channel-to-Channel 

V|N = 5 Vpp 





Crosstalk 

f|N = 40 kHz 






LM12(H)454 MUXOUT Only 

-76 


dB 



LM12(H)458MUX 






plus Converter 

-78 


dB 

tpu 

Power-Up Time 


10 


ms 

twu 

Wake-Up Time 


10 


ms 
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DC ChdrdCt6ristiCS The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for 
Va+ = Vd+ = 5V, Vref+ = 5V, Vref- = OV. fcLK = 8-0 MHz (LM12H464/8) or fcLK = 5.0 MHz (LM12454/8), and 
minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = T j = Tumi TmAXi other limits 
Ta = Tj = 25^C. (Notes 6, 7, 8, and 19) 



Vd+ Supply Current 


Va+ Supply Current 


Stand-By Supply Current (Id + + Ia'^) 


Multiplexer ON-Channel Leakage Current 


Multiplexer ON-Resistance 


Multiplexer Channel-to-Channel 
Ron matching 


Conditions 

Typicai 
(Note 10) 

CS = “1” 

LM1 2454/8 

LM12H454/8 

0.55 

0.55 


Multiplexer OFF-Channel Leakage Current 


CS = “1” 

LM1 2454/8 

LM12H454/8 

Power-Down Mode Selected 
Clock Stopped 
8 MHz Clock 

Va+ = 5.5V 
ON-Channel = 5.5V 
OFF-Channel = OV 
LM12(H)458MEL/MW 
ON-Channel = OV 
OFF-Channel = 5.5V 
LM12(H)458MEL/MW 

Va+ = 5.5 V 
ON-Channel = 5.5V 
OFF-Channel = OV 
LM12(H)458MEL/MW 
ON-Channel = OV 
OFF-Channel = 5.5V 
LM12(H)458MEL/MW 


LM12(H)454 
V|N = 5V 
V|N = 2.5V 

V|N = OV 

LM12(H)454 
V,N = 5V 
V|N = 2.5V 
V,N = OV 


Limits 
(Note 11) 



juA (max) 
fiA (max) 



800 

1500 

ll(max) 

850 

1500 

ft(max) 

760 

1500 

ft(max) 

±1.0% 

± 3 . 0 % 

(max) 

±1.0% 

± 3 . 0 % 

(max) 

±1.0% 

± 3 . 0 % 

(max) 


Internal Reference Characteristics The following specifications apply to the LM 12454, LM12H454, 
LM12458, and LM12H458 for Va+ = Vd+ = 5V unless otherwise specified. Boldface limits apply for Ta = Tj = Tum 
to Tmax; all other limits Ta = Tj = 25"C. (Notes 6, 7, and 19) 


Symbol 

Parameter 

Conditions 

(Note 10) 

(Note 11) 

VreFOUT 

Internal Reference Output Voltage 

LM12(H)458MEL/MW 

2.5 

2.5 ±4% 
2.5 ±6% 



Internal Reference Temperature 
Coefficient 


40 


ppm/“C 

Internal Reference Load Regulation 

Sourcing (0 < li_ ^ +4 mA) 


0.2 

%/mA (max) 


Sinking (-1 ^ I|l < 0 mA) 


1.2 

%/mA (max) 


AVref 


isc 


AVREF/At 



Line Regulation 

4.5V ^ Va+ ^ 5.5V 

3 

Internal Reference Short Circuit Current 

Vrefout = OV 

13 

Long Term Stability 


200 

Internal Reference Start-Up Time 

Va+ = Vd+ = OV 5V 

Cl = lOOjLiF 

10 
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Digital Characteristics The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 
for Va+ = Vd+ = 5V, unless otherwise specified. Boldface limits apply for = Tj = Tmin TmAxi all other limits 

Ta = Tj = 25“C. (Notes 6, 7, 8, and 19) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

V|N(1) 

Logical “1 ” Input Voltage 

Va'*' = Vd+ = 5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

Va+ = Vd+ = 4.5V 


0.8 

V (max) 

l|N(1) 

Logical “1 ” Input Current 

V,N = 5V 

LM12(H)458MEL/MW 

0.005 

1.0 

2.0 

jliA (max) 

l|N(0) 

Logical “0” Input Current 

V,N = ov 

LM12(H)458MEL/MW 

-0.005 

1 1 

b b 

jaA (max) 

C|N 

D0--D15 Input Capacitance 


6 


pF 

VoUT(1) 

Logical “1” Output Voltage 

Va+ = Vd+ = 4.5V 
loUT = -360 juA 
•out = -10 jaA 


2.4 

4.25 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

Va+ = Vd+ = 4.5V 
louT =1-6 mA 


0.4 

V (max) 

•out 

TRI-STATE® Output Leakage Current 

o o 

c c 

H H 

II II 

-0.01 

0.01 

-3.0 

3.0 

juA (max) 
fxA (max) 

Digital Timing Characteristics 

The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for Va+ = Vd+ = 5V, tr = tf = 

3 ns, and Cl = 100 pF on data I/O, InT and DMARQ lines unless otherwise specified. Boldface limits apply for Ta = Tj 
= Turn Tmax'> all other limits T^ = Tj = 25‘’C. (Notes 6, 7, 8, and 19) 

Symbol 
(See Figures 

8a, 8b, and 8c) 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

1.3 

CS or Address Valid to ALE Low 

Set-Up Time 



40 

ns (min) 

2,4 

CS or Address Valid to ALE Low 

Hold Time 



20 

ns (min) 


ALE Pulse Width 



45 

ns (min) 

6 

^High to Next ALE High 



35 

ns (min) 

7 

ALE Low to ^ Low 



20 

ns (min) 

8 

Pulse Width 



100 

ns (min) 

9 

TO High to Next TO or WR Low 



100 

ns (min) 


ALE Low to WR Low 



20 

ns (min) 


WR Pulse Width 



60 

ns (min) 


WRHigh to Next ALE High 



75 

ns (min) 


WR High to Next TO or WR Low 



140 

ns (min) 

IBHBlHi 

Data Valid to Wr High Set-Up Time 



40 


15 

Data Valid to WR High Hold Time 



30 

ns (min) 

16 

TO Low to Data Bus Out of TRI-STATE 


40 

10 

70 

ns (min) 
ns (max) 

17 

TO High to TRI-STATE 

■ 


30 

10 

110 

ns (min) 
ns (max) 

18 

TO Low to Data Valid (Access Time) 


30 

10 

80 

ns (min) 
ns (max) 
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Digital Timing Characteristics 

The following specifications apply to the LM12454, LM12H454, LM 12458, and LM12H458 for Va+ = Vd+ = 5V, tr = tf = 
3 ns, and Cl = 100 pF on data I/O, INT and DMARQ lines unless otherwise specified. Boldface limits apply for = Tj 
= Tmiii to Tmax; all other limits Ta = Tj = 25"C. (Notes 6, 7, 8, and 19) (Continued) 


Symbol 
(See Figures 

8a, 8b, and 8c) 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

20 

Address Valid or ^ Low to RD Low 



20 


21 

Address Valid or CS Low to WR Low 



20 

ns (min) 

19 

Address Invalid 
from ^ or WR High 



10 

ns (min) 

22 



30 

10 






60 


23 

DMARQ Low from RD Low 


30 

10 

ns (min) 





60 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (Vin < GND or V|n > (Va^ or Vd+)). the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax (maximum junction temperature), ©ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDinax ~ (Tjmax ^ 7 a)/ 
0JA or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tjmax = 150*0, and the typical thermal resistance (0ja) of the 
LM12(H)454 and LM12(H)458 in the V package, when board mounted, is 47*C/Wj in the W package, when board mounted, is 50*0/ W (0Jc = 5.8*0/W), and in the 
EL package, when board mounted, is 70*O/W (0Jc = 3.5*0/W). 

Note 5: Human body model, 1 00 pF discharged through a 1 .5 kn resistor. 

Note 6: Two on-chip diodes are tied to each analog Input through a series resistor, as shown below. Input voltage magnitude up to 5V above Va''' or 5V below 
GND will not damage the LM12(H)454 or the LM12(H)458. However, errors in the A/D conversion can occur if these diodes are forward biased by more than 100 
mV. As an example, if Va+ is 4.5 Vdc. full-scale input voltage must be ^4.6 Vdc to ensure accurate conversions. 



TL/H/1 1264-3 

Note 7: Va+ and Vd+ must be connected together to the same power supply voltage and bypassed with separate capacitors at each V+ pin to assure 
conversion/comparison accuracy. 

Note 8: Accuracy is guaranteed when operating at fcLK = 5 MHz for the LM12454/8 and fcLK *= 8 MHz for the LM12H454/8. 

Note 9: With the test condition for Vref (Vref+ ~ Vref-) 9'ven as +5V, the 12-bit LSB is 1.22 mV and the 8-bit/ “Watchdog” LSB is 19.53 mV. , 

Note 10: Typicals are at Ta = 25*C and represent most likely parametric norm. 

Note 1 1: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale and zero. (See Figures 5b and 5c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the code transitions 
between - 1 to 0 and 0 to -f 1 (see Figure 6). 

Note 14: The DC common-mode error is measured with both inputs shorted together and driven from OV to 5V. The measured value is referred to the resulting 
output value when the inputs are driven with a 2.5V signal. 

Note 15: Power Supply Sensitivity is measured after Auto-Zero and/or Auto-Calibration cycle has been completed with Va+ and Vd+ at the specified extremes. 
Note 16: Vrefcm (Reference Voltage Common Mode Range) is defined as (Vref+ + Vref-)/2. 

Note 17: The LM12(H)454/8’s self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will result 
in a repeatability uncertainty of ±0.10 LSB. 

Note 18: The Throughput Rate is for a single instruction repeated continuously. Sequencer states 0 (1 clock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 
clock cycles) are used (see Figure 11). One additional clock cycle is used to read the conversion result stored in the FIFO, for a total of 56 clock cycles per 
conversion. The Throughput Rate is fcuK (MHz)/N, where N is the number of clock cycles/conversion. 

Note 19: A military RETS specification is available upon request. At the time of printing, the LM12(H)458CMEL/883 RETS specification complied with the boldface 
values in the Limits column. 
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Electrical Characteristics (Continued) 



FIGURE 5a. Transfer Characteristic 


TL/H/1 1264-4 



OUTPUT CODE 
(from -4096 to +4095) 


TL/H/11 264-5 

FIGURE 5b. Simplified Error Curve vs Output Code without Auto-Calibration or Auto-Zero Cycles 
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Electrical Characteristics (Continued) 



FIGURE 5c. Simplified Error Curve vs Output Code after Auto-Calibration Cycle 
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TL/H/1 1264-7 

FIGURE 6. Offset or Zero Error Voltage 
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Typical Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) 


Linearity Error Change 
vs Clock Frequency 



CLOCK FREQUENCY (MHz) 


Linearity Error Change 
vs Temperature 



TEMPERATURE (<>0 


Linearity Error Change 



0 12 3 4 5 

REFERENCE VOLTAGE (V) 


Linearity Error Change 
vs Supply Voltage 



Full-Scale Error Change 


vs Clock Frequency 



CLOCK FREQUENCY (MHz) 


Full-Scale Error Change 



-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (®C) 


Full-Scale Error Change 
vs Reference Voltage 



0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


Full-Scale Error 



3 3.5 4 4.5 5 5.5 

SUPPLY VOLTAGE (V) 


Zero Error Change 
vs Clock Frequency 



Zero Error Change 
vs Temperature 



Zero Error Change 



0 1 2 3 4 5 


REFERENCE VOLTAGE (V) 


Zero Error Change 
vs Supply Voltage 



SUPPLY VOLTAGE (V) 

TL/H/1 1264-8 
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Typical Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) (Continued) 


Analog Supply Current 
vs Temperature 



-40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE («C) 


Digital Supply Current 
vs Clock Frequency 


£ 1.25 - 4 ^ - i -I - 

r Vo,=Va,=5V 

^ 1.00 - T. = 25®C — 


0 123456789 10 

CLOCK FREQUENCY (MHz) 


Digital Supply Current 
vs Temperature 


y = sy 

Vn* = 4.5V 


0.40 I — I 1 — > — I — I — ' — I 1 — I — I 

-60 -40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE (®C) 


Vrepout ^oad Regulation 


_Va+=Vo, = 5 VI 
Ta = 25°C \ 


Vrepout Regulation 


3 2 1 0-1 

SOURCING SINKING 

OUTPUT CURRENT (mA) 


3 3.5 4 4.5 5 5.5 

SUPPLY VOLTAGE (V) 


Typical Dynamic Performance Characteristics 

The following curves apply for 1 2-bit + sign mode after auto-calibration unless otherwise specified. 


Bipolar Signal-to-Noise Ratio 
vs Input Frequency 


-V,N= ±5V .. 
V,„ = ±2.5V 


66 - Va+ = Vo+ = Vref = +5V ■ 

64 -^CLK = 5 MHz tUJ 1_ 

Sampling Rate = 87.7 kHz 


10 

FREQUENCY (kHz) 


Bipolar Signal-to-Noise 
+ Distortion Ratio 
vs Input Frequency 

:li i ini||L_|. 4 ||ii 

S - ^W=*5V 

. ''iN = *2.5 v.;v : 


Rs = 500 i ||(j| I 

55 ~ Ta = 25»C Jftli f— 

64 -VA+ = VD+ = VREr = +5V- 

62 - ^CLK = 5 MHz yjj 

Sampling Rate a 87.7 kHz 


FREQUENCY (kHz) 


Bipolar Signal-to-Noise 
4 Distortion Ratio 
vs Input Signal Level 


Rj = 50ft 

s 250C 

Va+ = Vo+ = V, 


c 

Jn 


F ® *5V 
87.7 kHz 3 

yL 



z 

















i 



1 


-70 -60 -50 -40 -30 -20 -10 0 

INPUT SIGNAL LEVEL (dB) 

TL/H/1 1264-10 
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Typical Dynamic Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. (Continued) 


Bipolar Spectral Response with 
1.028 kHz Sine Wave Input 


-100 

-120 



5 10 15 20 25 30 35 40 45 
FREQUENCY (kHz) 


Bipolar Spectral Response 
with 40 kHz Sine Wave Input 


0 
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-40 


Rj = son 

T. = 2500 
V|n = ±5V - 
V = Vd+ = Vref = *5V 
fcLK = 5MHz 

Sampling Rate = 87.7 kHz 
S/N = 71.80dB 
S/(N'fD) = 68.01dB 


riri ,1 
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Unipolar Signal-to-Noise 
+ Distortion Ratio 
vs Input Frequency 


fcLK = 5MHz 

- Sampling Rate = 87.7 kHz 

-H- 


V|N = 5V„_ 


10 

FREQUENCY (kHz) 


Unipolar Spectral Response 
with 10 kHz Sine Wave Input 
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Bipolar Spectral Response with 
10 kHz Sine Wave Input 
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Bipolar Spurious Free 
Dynamic Range 
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Unipolar Spectral Response 
with 20 kHz Sine Wave Input 
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Bipolar Spectral Response 
with 20 kHz Sine Wave Input 
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Unipolar Signal-to-Nolse Ratio 
vs Input Frequency 



Unipolar Spectral Response 
with 1.028 kHz Sine Wave Input 
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Test Circuits and Waveforms 


V* 

X 


LM12(H)454/8 

"TT" 


I 

> \ = 1 kn 

i Cl = ’OOpf 


DATA 

OUTPUT 


TL/H/1 1264-12 



TL/H/1 1264-13 


V* 

X 


LM12(H)454/8 

"T“ 


V* 

I 

> Rl = 1 kn 
^ = lOOpF 


DATA 

OUTPUT 


TL/H/1 1264-14 



TL/H/1 1264-15 


FIGURE 7. TRI-STATE Test Circuits and Waveforms 


Timing Diagrams 

Va+ = Vd+ = +5V, tR = tp = 3 ns, Cl = 100 pF for the IFTT, DMARQ, D0-D16 outputs. 



1 , 3: CS or Address valid to ALE low set-up time. 

2, 4: C§ or Address valid to ALE low hold time. 

5: ALE pulse width 

6: RD high to next ALE high 
7: ALE low to TO low 
8: TO pulse width 
9: RD high to next TO or WR low 
10: ALE low to WR low 


11: WR pulse width 

12: WR high to next ALE high 

13: WR high to next WR or TO low 

14: Data valid to WR high set-up time 

15: Data valid to WR high hold time 

16: TO low to data bus out of TRI-STATE 

17: TO high to TRI-STATE 

18: TO low to data valid (access time) 
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Timing Diagrams 

= Vd+ = +5V, tR = tp = 3 ns, Cl = 100 pF for the InT, DMARQ, D0-D15 outputs. (Continued) 





FIGURE 8b. Non-Multiplexed Data Bus (ALE = 1) 


8: pulse width 

9: ^ high to next RD or WR low 
1 1 : WR pulse width 
1 3: WR high to next WR or ^ low 
14: Data valid to WR high set-up time 
15: Data valid to WR high hold time 


16: RD low to data bus out of TRI-STATE 

17: RD high to TRI-STATE 

18: ^ low to data valid (access time) 

19: Address invalid from RD or WR high (hold time) 
20: CS low or address valid to ^ low 
21: ^ low or address valid to WR low 


Va+ = Vd+ = +5V, tp = tp = 3 ns, Cl = 100 pF for the INT, DMARQ, D0-D15 outputs. 



FIGURE 8c. Interrupt and DMARQ 


22: INT high from RD low 
23: DMARQ low from RD low 
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Pin Description 

Va+ These are the analog and digital supply voltage 

Vd+ pins. The LM12(H)454/8’s supply voltage operat- 
ing range is +3.0V to +5.5V. Accuracy is guaran- 
teed only if Va+ and Vd'*' are connected to the 
same power supply. Each pin should have a paral- 
lel combination of 10 juF (electrolytic or tantalum) 
and 0.1 juiF (ceramic) bypass capacitors connected 
between it and ground. 

D0-D15 The internal data input/output TRI-STATE buffers 
are connected to these pins. These buffers are de- 
signed to drive capacitive loads of 1 00 pF or less. 
External buffers are necessary for driving higher 
load capacitances. These pins allows the user a 
means of instruction input and data output. With a 
logic high applied to the BW pin, data lines D8- 
D1 5 are placed in a high impedance state and data 
lines D0-D7 are used for instruction input and 
data output when the LM12(H)454/8 is connected 
to an 8-bit wide data bus. A logic low on the BW 
pin allows the LM12(H)454/8 to exchange infor- 
mation over a 1 6-bit wide data bus. 

RD This is the input for the active low READ bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic _signal a^ied to the 
BW pin, are enabled when RD and CS are both 
low. This allows the LM12(H)454/8 to transmit in- 
formation onto the databus. 

WR This is the input for the active low WRITE bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic signal applied to the 
BW pin, are enabled when WR and CS are both 
low. This allows the LM12(H)454/8 to receive in- 
formation from the databus. 

CS This is the input for the active low Chip Select con- 
trol signal. A logic low should be applied to this pin 
only during a READ or WRITE access to the 
LM12(H)454/8. The internal clocking is halted and 
conversion stops while Chip Select is low. Conver- 
sion resumes when the Chip Select input signal 
returns high. 

ALE This is the Address Latch Enable input. It is used in 
systems containing a multiplexed databus. When 
ALE is asserted high, the LM12(H)454/8 accepts 
information on the databus as a valid address. A 
high-to-low transition will latch the address data on 
A0-A4 while the CS is low. Any changes on AO- 
A4 and CS while ALE is low will not affect the 
LM12(H)454/8. See Figure 6a. When a non-multi- 
plexed bus is used, ALE is continuously asserted 
high. See Figure 6b. 

CLK This is the external clock input pin. The 
LM12(H)454/8 operates with an input clock fre- 
quency in the range of 0.05 MHz to 10.0 MHz. 

A0-A4 These are the LM12(H)454/8’s address lines. 
They are used to access all internal registers. Con- 
version FIFO, and Instruction RAM. 

SYNC This is the synchronization input/output. When 
used as an output, it is designed to drive capacitive 
loads of 1 00 pF or less. External buffers are nec- 
essary for driving higher load capacitances. SYNC 
is an input if the Configuration register’s “I/O Se- 
lect” bit is low. A rising edge on this pin causes 
the internal S/H to hold the input signal. The next 


rising clock edge either starts a conversion or 
makes a comparison to a programmable limit 
depending on which function is requested by a 
programming instruction. This pin will be an 
output if “I/O Select” Is set high. The SYNC 
output goes high when a conversion or a com- 
parison is started and low when completed. 
(See Section 2.2). An internal reset after pow- 
er is first applied to the LM12(H)454/8 auto- 
matically sets this pin as an input. 

BW This is the Bus Width input pin. This input al- 

lows the LM12(H)454/8 to interface directly 
with either an 8- or 16-bit databus. A logic high 
sets the width to 8 bits and places D8-D15 in 
a high impedance state. A logic low sets the 
width to 16 bits. 

InT This is the active low interrupt output. This out- 

put is designed to drive capacitive loads of 
1 00 pF or less. External buffers are necessary 
for driving higher load capacitances. An inter- 
rupt signal is generated any time a non- 
masked interrupt condition takes place. There 
are eight different conditions that can cause 
an interrupt. Any interrupt is reset by reading 
the Interrupt Status register. (See Section 2.3.) 

DMARQ This is the active high Direct Memory Access 
Request output. This output is designed to 
drive capacitive loads of 100 pF or less. Exter- 
nal buffers are necessary for driving higher 
load capacitances. It goes high whenever the 
number of conversion results in the conversion 
FIFO equals a programmable value stored in 
the Interrupt Enable register. It returns to a log- 
ic low when the FIFO is empty. 


GND This is the LM12(H)454/8 ground connection. 

It should be connected to a low resistance and 
inductance analog ground return that connects 
directly to the system power supply ground. 
IN0-IN7 These are the eight (LM12(H)458) or four 
(IN0-IN3 (LM12(H)454) analog inputs. A given channel 
LM12H454 is selected through the instruction RAM. Any 
LM12454) of the channels can be configured as an inde- 
pendent single-ended input. Any pair of chan- 
nels, whether adjacent or non-adjacent, can 
operate as a fully differential pair. 


S/H IN + These are the LM1 2(H)454’s non-inverting and 
S/H IN- inverting inputs to the internal S/H. 


MUXOUT + These are the LM1 2(H)454’s non-inverting and 

MUXOUT- inverting outputs from the internal multiplexer. 

Vref- This is the negative reference input. The 
LM12(H)454/8 operate with OV ^ Vref- ^ 
Vref+- This pin should be bypassed to 
ground with a parallel combination of 10 jaF 
and 0.1 jaF (ceramic) capacitors. 

Vref-i- This is the positive reference input. The 
LM12(H)454/8 operate with OV ^ Vref+ ^ 
Va+. This pin should be bypassed to ground 
with a parallel combination of 10 /xF and 
0.1 jaF (ceramic) capacitors. 

Vrefout This is the internal 2.5V bandgap’s output pin. 

This pin should be bypassed to ground with a 
1 00 julF capacitor. 
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Application Information 
1.0 Functional Description 

The LM12(H)454 and LM12(H)458 are multi-functional Data 
Acquisition Systems that include a fully differential 12-blt- 
plus-sign self-calibrating analog-to-digital converter (ADC) 
with a two’s-complement output format, an 8-channel 
(LM12(H)458) or a 4-channel (LM12(H)454) analog multi- 
plexer, an internal 2.5V reference, a first-in-first-out (FIFO) 
register that can store 32 conversion results, and an Instruc- 
tion RAM that can store as many as eight instructions to be 
sequentially executed. The LM12(H)454 also has a differen- 
tial multiplexer output and a differential S/H input. All of this 
circuitry operates on only a single + 5V power supply. 

The LM12(H)454/8 have three modes of operation: 

1 2-bit + sign with correction 
8-bit + sign without correction 
8-bit + sign comparison mode (“watchdog” mode) 

The fully differential 12-bit-plus-sign ADC uses a charge re- 
distribution topology that includes calibration capabilities. 
Charge re-distribution ADCs use a capacitor ladder in place 
of a resistor ladder to form an internal DAC. The DAC is 
used by a successive approximation register to generate 
intermediate voltages between the voltages applied to 
Vref- snd Vref+- These intermediate voltages are com- 
pared against the sampled analog input voltage as each bit 
is generated. The number of intermediate voltages and 
comparisons equals the ADC’s resolution. The correction of 
each bit’s accuracy is accomplished by calibrating the ca- 
pacitor ladder used in the ADC. 

Two different calibration modes are available; one compen- 
sates for offset voltage, or zero error, while the other cor- 
rects both offset error and the ADC’s linearity error. 

When correcting offset only, the offset error is measured 
once and a correction coefficient is created. During the full 
calibration, the offset error is measured eight times, aver- 
aged, and a correction coefficient is created. After comple- 
tion of either calibration mode, the offset correction coeffi- 
cient is stored in an internal offset correction register. 

The LM12(H)454/8’s overall linearity correction is achieved 
by correcting the internal DAC’s capacitor mismatch. Each 
capacitor is compared eight times against all remaining 
smaller value capacitors and any errors are averaged. A 
correction coefficient is then created and stored in one of 
the thirteen internal linearity correction registers. An internal 
state machine, using patterns stored in an internal 16 x 8-bit 
ROM, executes each calibration algorithm. 

Once calibrated, an internal arithmetic logic unit (ALU) uses 
the offset correction coefficient and the 1 3 linearity correc- 
tion coefficients to reduce the conversion’s offset error and 
linearity error, in the background, during the 12-bit + sign 
conversion. The 8-bit + sign conversion and comparison 
modes use only the offset coefficient. The 8-bit + sign 
mode performs a conversion in less than half the time used 
by the 12-bit + sign conversion mode. 


The LM12(H)454/8’s “watchdog” mode is used to monitor 
a single-ended or differential signal’s amplitude. Each sam- 
pled signal has two limits. An interrupt can be generated if 
the input signal is above or below either of the two limits. 
This allows interrupts to be generated when analog voltage 
inputs are “inside the window” or, alternatively, “outside the 
window”. After a “watchdog” mode interrupt, the processor 
can then request a conversion on the input signal and read 
the signal’s magnitude. 

The analog input multiplexer can be configured for any com- 
bination of single-ended or fully differential operation. Each 
input is referenced to ground when a multiplexer channel 
operates in the single-ended mode. Fully differential analog 
input channels are formed by pairing any two channels to- 
gether. 

The LM12(H)454’s multiplexer outputs and S/H inputs 
(MUXOUT+, MUXOUT- and S/H IN + , S/H IN-) provide 
the option for additional analog signal processing. Fixed- 
gain amplifiers, programmable-gain amplifiers, filters, and 
other processing circuits can operate on the signal applied 
to the selected multiplexer channel(s). If external process- 
ing is not used, connect MUXOUT + to S/H IN+ and MUX- 
OUT- to S/H IN-. 

The LM12(H)454/8’s internal S/H is designed to operate at 
its minimum acquisition time (1.13 jas, 12 bits) when the 
source impedance, Rs, is ^ 60fl (fcLK ^ 8 MHz). When 
60ft < Rs ^ 4.17 kft, the Internal S/H’s acquisition time 
can be increased to a maximum of 4.88 jas (12 bits, fcLK = 
8 MHz). See Section 2.1 (Instruction RAM “00”) Bits 12-15 
for more information. 

An internal 2.5V bandgap reference output is available at 
pin 44. This voltage can be used as the ADC reference for 
ratiometric conversion or as a virtual ground for front-end 
analog conditioning circuits. The Vrefout P'^ should be by- 
passed to ground with a 100 jllF capacitor. 

Microprocessor overhead is reduced through the use of the 
internal conversion FIFO. Thirty-two consecutive conver- 
sions can be completed and stored in the FIFO without any 
microprocessor intervention. The microprocessor can, at 
any time. Interrogate the FIFO and retrieve its contents. It 
can also wait for the LM12(H)454/8 to issue an interrupt 
when the FIFO is full or after any number (^32) of conver- 
sions have been stored. 

Conversion sequencing, internal timer interval, multiplexer 
configuration, and many other operations are programmed 
and set In the Instruction RAM. 

A diagnostic mode is available that allows verification of the 
LM12(H)458’s operation. The diagnostic mode is disabled in 
the LM12(H)454. This mode internally connects the volt- 
ages present at the Vrefout- Vref+. Vref-. and GND 
pins to the Internal V|n+ and V|n_ S/H inputs. This mode Is 
activated by setting the Diagnostic bit (Bit 1 1) in the Config- 
uration register to a “1”. More information concerning this 
mode of operation can be found in Section 2.2. 
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2.0 Internal User-Programmable Registers 


2.1 INSTRUCTION RAM 

The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 48-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction’s address 
and the 2-bit “RAM pointer” in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111 (A4-A1, BW = 0) when using a 16-bit wide 
data bus or at addresses 00000 through 01111 (A4-A0, 
BW = 1) when using an 8-bit wide data bus. They can be 
accessed and programmed in random order. 

Any Instruction RAM READ or WRITE can affect the se- 
quencer’s operation: 

The Sequencer should be stopped by setting the RESET 
bit to a “1” or by resetting the START bit in the Configu- 
ration Register and waiting for the current instruction to 
finish execution before any Instruction RAM READ or 
WRITE Is Initiated. 

A soft RESET should be issued by writing a “1” to the 
Configuration Register’s RESET bit after any READ or 
WRITE to the Instruction RAM. 

The three sections in the Instruction RAM are selected by 
the Configuration Register’s 2-blt “RAM Pointer”, bits D8 
and D9. The first 16-bit Instruction RAM section Is selected 
with the RAM Pointer equal to “00”. This section provides 
multiplexer channel selection, as well as resolution, acquisi- 
tion time, etc. The second 16-bit section holds “watchdog” 
limit # 1 , its sign, and an indicator that shows that an Inter- 
rupt can be generated if the Input signal is greater or less 
than the programmed limit. The third 16-bit section holds 
“watchdog” limit #2, its sign, and an indicator that shows 
that an interrupt can be generated if the input signal is great- 
er or less than the programmed limit. 

Instruction RAM “00” 

Bit 0 is the LOOP bit. It Indicates the last instruction to be 
executed in any instruction sequence when It Is set to a “1”. 
The next instruction to be executed will be instruction 0. 

Bit 1 is the PAUSE bit. This controls the Sequencer’s opera- 
tion. When the PAUSE bit is set (“1”), the Sequencer will 
stop after reading the current instruction and before execut- 
ing it, and the start bit in the Configuration register is auto- 
matically reset to a “0”. Setting the PAUSE also causes an 
interrupt to be issued. The Sequencer is restarted by placing 
a “1” in the Configuration register’s Bit 0 (Start bit). 

After the Instruction RAM has been programmed and the 
RESET bit is set to “1”, the Sequencer retrieves Instruction 
000, decodes It, and waits for a “1” to be placed in the 
Configuration’s START bit. The START bit value of “0” 
“overrides” the action of Instruction OOO’s PAUSE bit when 
the Sequencer is started. Once started, the Sequencer exe- 
cutes Instruction 000 and retrieves, decodes, and executes 
each of the remaining instructions. No PAUSE Interrupt (INT 
5) is generated the first time the Sequencer executes In- 
struction 000 having a PAUSE bit set to “1 ”. When the Se- 
quencer encounters a LOOP bit or completes all eight In- 
structions, Instruction 000 is retrieved and decoded. A set 
PAUSE bit in Instruction 000 now halts the Sequencer be- 
fore the instruction Is executed. 


Bits 2-4 select which of the eight input channels (“000” to 
“111” for IN0-IN7) will be configured as non-inverting In- 
puts to the LM12(H)458’s ADC. (See Page 25, Table I.) 
They select which of the four input channels (“000” to 
“011” for IN0-IN4) will be configured as non-inverting in- 
puts to the LM12(H)454’s ADC. (See Page 25, Table II.) 
Bits 5-7 select which of the seven Input channels (“001 ” to 
“1 11” for INI to IN7) will be configured as inverting inputs to 
the LM12(H)458’s ADC. (See Page 25, Table I.) They select 
which of the three input channels (“001” to “011” for IN1- 
IN4) will be configured as inverting inputs to the 
LM12(H)454’s ADC. (See Page 25, Table II.) Fully differen- 
tial operation is created by selecting two multiplexer chan- 
nels, one operating in the non-inverting mode and the other 
operating In the inverting mode. A code of “000” selects 
ground as the inverting input for single ended operation. 

Bit 8 is the SYNC bit. Setting Bit 8 to “1” causes the Se- 
quencer to suspend operation at the end of the internal 
S/H’s acquisition cycle and to wait until a rising edge ap- 
pears at the SYNC pin. When a rising edge appears, the 
S/H acquires the input signal magnitude and the ADC per- 
forms a conversion on the clock’s next rising edge. When 
the SYNC pin is used as an input, the Configuration regis- 
ter’s “I/O Select” bit (Bit 7) must be set to a “0”. With 
SYNC configured as an input, it is possible to synchronize 
the start of a conversion to an external event. This is useful 
in applications such as digital signal processing (DSP) 
where the exact timing of conversions is important. 

When the LM12(H)454/8 are used in the “watchdog” mode 
with external synchronization, two rising edges on the SYNC 
input are required to initiate two comparisons. The first rising 
edge initiates the comparison of the selected analog input 
signal with Limit #1 (found in Instruction RAM “01”) and the 
second rising edge initiates the comparison of the same 
analog input signal with Limit #2 (found In Instruction RAM 
“ 10 ”). 

Bit 9 is the TIMER bit. When Bit 9 is set to “1”, the Se- 
quencer will halt until the internal 1 6-bit Timer counts down 
to zero. During this time interval, no “watchdog” compari- 
sons or analog-to-digital conversions will be performed. 

Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to “1” selects 8-bit + sign and when reset to “0” selects 
12-bit + sign. 

Bit 11 is the “watchdog” comparison mode enable bit. 
When operating in the “watchdog” comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored In Limit #1 and Limit #2 (see Instruc- 
tion RAM “01” and Instruction RAM “10”). Setting Bit 11 to 
“1” causes two comparisons of the selected analog input 
signal with the two stored limits. When Bit 1 1 is reset to “0”, 
an 8-bit + sign or 1 2-bit + sign (depending on the state of 
Bit 10 of Instruction RAM “00”) conversion of the input sig- 
nal can take place. 
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2.0 Internal User-Programmable Registers (Continued) 


A4 A3 A2 A1 

Purpose 

fflS 



Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 00) 

R/W 



8/12 

Timer 

Sync 

V|N- 

(MUXOUT-)* 

V|N + 

(MUXOUT + )* 

Pause 

Loop 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 01) 

R/W 

Don’t Care 

>/< 

Sign 

Limit #1 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 10) 

R/W 

Don’t Care 

>/< 

Sign 

Limit #2 

10 0 0 

Configuration 

Register 

R/W 

Don’t Care 

DIAGt 

Test 

= 0 

RAM 

Pointer 

I/O 

Sel 

CD > 

s ° 

Chan 

Mask 

Stand- 

by 

Full 

CAL 

Auto- 

Zero 

Reset 

Start 

10 0 1 

Interrupt Enable 
Register 

R/W 

Number of Conversions 

in Conversion FIFO 

to Generate INT2 

Sequencer 
Address to 

Generate INTI 

INT7 

INT6 

INT5 

INT4 

INT3 

INT2 

INTI 

INTO 

10 10 

Interrupt Status 
Register 

R 

Actual Number of 

Conversion Results 

in Conversion FIFO 

Address 

of 

Sequencer 

Instruction 

being 

Executed 

INST7 

INST6 

INST5 

INST4 

INST3 

INST2 

INST1 

INSTO 

10 11 

Timer 

Register 

R/W 

Timer Preset High Byte 

Timer Preset Low Byte 

110 0 

Conversion 

FIFO 

R 

Address 
or Sign 

Sign 

Conversion 

Data: MSBs 

Conversion Data: LSBs 

110 1 

Limit Status 
Register 

R 

Limit #2: Status 

Limit #1: Status 


*LM1 2(H)454 (Refer to Table II). 

tLM12(H)458 only. Must be set to “0” for the LM12(H)454. 

FIGURE 9. LM12(H)454/8 Memory Map for 16-Bit Wide Databus (BW = “0”, Test Bit = “0” and AO = Don’t Care) 
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2.0 Internal User-Programmable Registers (Continued) 


A4 A3 A2 A1 AO 

Purpose 

Type 

D7 D6 D5 

D4 D3 D2 

D1 

Dp 

0 0 0 

0 to 0 

1 1 1 

Instruction RAM 
(RAM Pointer = 00) 

R/W 

V|N- 

(MUXOUT-)* 

V|N + 

(MUXOUT+)* . 

Pause 

Loop 

0 0 0 

0 to 1 

1 1 1 

R/W 

Acquisition Time 

Watch- 

dog 

8/12 

Timer 

Sync 

0 0 0 

0 to 0 

1 1 1 

Instruction RAM 
(R/^M Pointer = 01) 

R/W 

Comparison Limit # 1 

0 0 0 

0 to 1 

11 1 

R/W 

Don’t Care 

>/< 

Sign 

0 0 0 

0 to 0 

11 1 

Instruction RAM 
(RAM Pointer = 10) 

R/W 

Comparison Limit #2 

0 0 0 

0 to 1 

1 1 1 

R/W 

Don’t Care 

>/< 

Sign 

1 0 0 0 0 

Configuration 

Register 

R/W 

I/O 

Sel 

Auto 

Zeroec 

Chan 

Mask 

Stand- 

by 

Full 

Cal 

Auto- 

Zero 

Reset 

Start 

1 0 0 0 1 

R/W 

Don’t Care 

DIAGt 

Test 

= 0 

RAM Pointer 

10 0 10 

Interrupt Enable 
Register 

R/W 

INT7 

INT6 

INT5 

INT4 

INT3 

INT2 

INTI 

INTO 

10 0 11 

R/W 

Number of Conversions in Conversion 
FIFO to Generate INT2 

Sequencer Address to 
Generate INTI 

10 10 0 

Interrupt Status 
Register 

R 

INST7 

INST6 

INST5 

INST4 

INST3 

INST2 

INST1 

INSTO 

10 10 1 

R 

Actual Number of Conversions Results 
in Conversion FIFO 

Address of Sequencer 
Instruction 
being Executed 

10 110 

Timer 

Register 

R/W 

Timer Preset: Low Byte 

10 111 

R/W 

Timer Preset: High Byte 

110 0 0 

Conversion 

FIFO 

R 

Conversion Data: LSBs 

110 0 1 

R 

Address or Sign 

Sign 

Conversion Data: MSBs 

110 10 

Limit Status 
Register 

R 

Limit #1 Status 

110 11 


Limit #2 Status 


•LM12(H)454 (Refer to Table II). 

tLM12(H)458 only. Must be set to “0” for the LM12(H)454. 


FIGURE 10. LM12(H)454/8 Memory Map for 8-Blt Wide Databus (BW = “ V’ and Test Bit = “0”) 
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2.0 Internal User-Programmable Registers (Continued) 


Bits 12-15 are used to store the user-programmable acqui- 
sition time. The Sequencer keeps the internal S/H in the 
acquisition mode for a fixed number of clock cycles (njne 
clock cycles, for 12-bit + sign conversions and two clock 
cycles for 8-bit -f sign conversions or “watchdog” compari- 
sons) plus a variable number of clock cycles equal to twice 
the value stored in Bits 12-15. Thus, the S/H’s acquisition 
time is (9 + 2D) clock cycles for 12-bit + sign conversions 
and (2 + 2D) clock cycles for 8-bit + sign conversions or 
“watchdog” comparisons, where D is the value stored in 
Bits 12-15. The minimum acquisition time compensates for 
the typical internal multiplexer series resistance of 2 ,kn, 
and any additional delay created by Bits 12-15 compen- 
sates for source resistances greater than 60n (lOOn). (For 
this acquisition time discussion, numbers in ( ) are shown for 
the LM12(H)454/8 operating at 5 MHz.) The necessary ac- 
quisition time is determined by the source impedance at the 
multiplexer input. If the source resistance (Rs) < 60fl 
(icon) and the clock frequency is 8 MHz, the value stored 
in bits 12-15 (D) can be 0000. If Rs > 60n (lOOfi), the 
following equations determine the value that should be 
stored in bits 12-15. 

D = 0.45 X Rs X fcLK , 

for 1 2-bits + sign 

D = 0.36 X Rs X fcLK 
for 8-bits -f sign and “watchdog” 

Rs is in kfl and fcLK 's in MHz. Round the result to the next 
higher integer value. If D is greater than 1 5, it is advisable to 
lower the source impedance by using an analog buffer be- 
tween the signal source and the LM12(H)458’s multiplexer 
inputs. The value of D can also be used to compensate for 
the settling or response time of external processing circuits 
connected between the LM12(H)454’s MUXOUT and 
S/H IN pins. 

Instruction RAM “01” 

The second Instruction RAM section is selected by placing 
a “01” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #1. When Bit 1 1 of Instruc- 
tion RAM “00” is set to a “1”, the LM12(H)454/8 performs 
a “watchdog” comparison of the sampled analog input sig- 
nal with the limit # 1 value first, followed by a comparison of 
the same sampled analog input signal with the value found 
in limit #2 (Instruction RAM “10”). 

Bit 8 holds limit #1’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 
limit #1 to generate an interrupt, while a “0” causes a volt- 
age less than limit #1 to generate an interrupt. 

Bits 10-15 are not used. 

Instruction RAM “10” 

The third Instruction RAM section is selected by placing a 
“10” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #2. When Bit 1 1 of Instruc- 
tion RAM “00” is set to a “1”, the LM12(H)454/8 performs 
a “watchdog” comparison of the sampled analog input sig- 
nal with the limit #1 value first (Instruction RAM “01”), fol- 
lowed by a comparison of the same sampled analog iriput 
signal with the value found in limit #2. 

Bit 8 holds limit #2’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 


limit #2 to generate an interrupt, while a “0” causes a volt- 
age less than limit #2 to generate an interrupt. 

Bits 10-15 are not used. 

2.2 CONFIGURATION REGISTER 

The Configuration register, 1000 (A4-A1, BW = 0) or 
lOOOx (A4-A0, BW = 1) is a 16-bit control register with 
read/write capability. It acts as the LM12(H)454’s and 
LM12(H)458’s “control panel” holding global information as 
well as start/stop, reset, self-calibration, and stand-by com- 
mands. 

Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer’s status. A “0” indicates that the 
Sequencer is stopped and waiting to execute the next in- 
struction. A “1” shows that the Sequencer is running. Writ- 
ing a “0” halts the Sequencer when the current instruction 
has finished execution. The next instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. A “1” restarts the Sequencer with the instruction 
currently pointed to by the instruction pointer. (See Bits 8- 
10 in the Interrupt Status register.) 

Bit 1 is the LM12(H)454/8’s system RESET bit. Writing a 
“1” to Bit 1 stops the Sequencer (resetting the Configura- 
tion register’s START/STOP bit), resets the Instruction 
pointer to “000” (found in the Interrupt Status register), 
clears the Conversion FIFO, and resets all interrupt flags. 
The RESET bit will return to “0” after two clock cycles un- 
less it is forced high by writing a “1” into the Configuration 
register’s Standby bit. A reset signal is internally generated 
when power is first applied to the part. No operation should 
be started until the RESET bit is “0”. 

Writing a “1” to Bit 2 initiates an auto-zero offset voltage 
calibration. Unlike the eight-sample auto-zero calibration 
performed during the full calibration procedure, Bit 2 initi- 
ates a “short” auto-zero by sampling the offset once and 
creating a correction coefficient (full calibration averages 
eight samples of the converter offset voltage when creating 
a correction coefficient). If the Sequencer is running when 
Bit 2 is set to “1”, an auto-zero starts immediately after the 
conclusion of the currently running instruction. Bit 2 is reset 
automatically to a “0” and an interrupt flag (Bit 3, in the 
Interrupt Status register) is set at the end of the auto-zero 
(76 clock cycles). After completion of an auto-zero calibra- 
tion, the Sequencer fetches the next instruction as pointed 
to by the Instruction RAM’s pointer and resumes execution. 
If the Sequencer is stopped, an auto-zero is performed im- 
mediately at the time requested. 

Writing a “1” to Bit 3 initiates a complete calibration pro- 
cess that includes a “long” auto-zero offset voltage correc- 
tion (this calibration averages eight samples of the compar- 
ator offset voltage when creating a correction coefficient) 
followed by an ADC linearity calibration. This complete cali- 
bration is started after the currently running instruction is 
completed if the Sequencer is running when Bit 3 is set to 
“1 ”. Bit 3 is reset automatically to a “0” and an interrupt flag 
(Bit 4, in the Interrupt Status register) will be generated at 
the end of the calibration procedure (4944 clock cycles). 
After completion of a full auto-zero and linearity calibration, 
the Sequencer fetches the next instruction as pointed to by 
the Instruction RAM’s pointer and resumes execution. If the 
Sequencer is stopped, a full calibration is performed imme- 
diately at the time requested. 
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Bit 4 is the Standby bit. Writing a “1” to Bit 4 immediately 
places the LM12(H)454/8 In Standby mode. Normal opera- 
tion returns when Bit 4 is reset to a “0”. The Standby com- 
mand (“1 ”) disconnects the external clock from the internal 
circuitry, decreases the LM12(H)454/8’s internal analog cir- 
cuitry power supply current, and preserves all internal RAM 
contents. After writing a “0” to the Standby bit, the 
LM12(H)454/8 returns to an operating state Identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up completion delay that 
allows the analog circuitry to settle. The Sequencer should 
be restarted only after the Standby completion is issued. 
The Instruction RAM can still be accessed through read and 
write operations while the LM12(H)454/8 are in Standby 
Mode. 

Bit 5 is the Channel Address Mask. If Bit 5 is set to a “1”, 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a “0” 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 

Bit 6 is used to select a “short” auto-zero correction for 
every conversion. The Sequencer automatically inserts an 
auto-zero before every conversion or “watchdog” compari- 
son if Bit 6 is set to “1”. No automatic correction will be 
performed if Bit 6 is reset to “0”. 

The LM12(H)454/8‘s offset voltage, after calibration, has a 
typical drift of 0.1 LSB over a temperature range of -40“C 
to + 85“C, This small drift is less than the variability of the 
change in offset that can occur when using the auto-zero 
correction with each conversion. This variability is the result 
of using only one sample of the offset voltage to create a 
correction value. This variability decreases when using the 
full calibration mode because eight samples of the offset 
voltage are taken, averaged, and used to create a correc- 
tion value. 

Bit 7 is used to program the SYNC pin (29) to operate as 
either an input or an output. The SYNC pin becomes an 
output when Bit 7 is a “1” and an input when Bit 7 Is a “0”. 
With SYNC programmed as an input, the rising edge of any 
logic signal applied to pin 29 will start a conversion or 
“watchdog” comparison. Programmed as an output, the 
logic level at pin 29 will go high at the start of a conversion 
or “watchdog” comparison and remain high until either 
have finished. See Instruction RAM “00”, Bit 8. 

Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction’s three 16-bit sections during 
read or write actions. A “00” selects Instruction RAM sec- 
tion one, “01” selects section two, and “10” selects section 
three. 

Bit 10 activates the Test mode that is used only during pro- 
duction testing. Leave this bit reset to “0”. 

Bit 11 is the Diagnostic bit and is available only in the 
LM12(H)458. It can be activated by setting it to a “1” (the 
Test bit must be reset to a “0”). The Diagnostic mode, 
along with a correctly chosen instruction, allows verification 
that the LM12(H)458’s ADC Is performing correctly. When 
activated, the inverting and non-inverting inputs are con- 
nected as shown In Table I. As an example, an instruction 
with “001” for both V|n+ and V|n_ while using the Diag- 
nostic mode typically results In a full-scale output. 


2.3 INTERRUPTS 

The LM12(H)454 and LM12(H)458 have eight possible in- 
terrupts, all with the same priority. Any of these interrupts 
will cause a hardware Interrupt to appear on the INT pin (31) 
if they are not masked (by the Interrupt Enable register). 
The Interrupt Status register Is then read to determine which 
of the eight interrupts has been issued. 


TABLE i. LM12(H)458 Input Multiplexer 
Channel Configuration Showing Normal 
Mode and Diagnostic Mode 


Channel 

Selection 

Data 

Normal 

Mode 

Diagnostic 

Mode 

V|N + 

V|N- 

V|N + 

V|N- 

000 

INO 

GND 

VreFOUT 

GND 

001 

INI 

IN1 

Vref+ 

Vref- 

010 

iN2 

IN2 

iN2 

IN2 

oil 

IN3 

IN3 

IN3 

IN3 

100 

IN4 

IN4 

IN4 

1N4 

101 

IN5 

IN5 

IN5 

IN5 

110 

1N6 

IN6 

iN6 

IN6 

111 

IN7 

IN7 

IN7 

IN7 


TABLE ii. LM12(H)454 Input Multiplexer 
Channel Configuration 


Channel 

Selection 

MUX + 

MUX- 

Data 



000 

INO 

GND 

001 

INI 

INI 

010 

IN2 

iN2 

oil 

IN3 

IN3 

1XX 

OPEN 

OPEN 


The Interrupt Status register, 1010 (A4-A1, BW = 0) or 
101 Ox (A4-A0, BW = 1) must be cleared by reading it after 
writing to the Interrupt Enable register. This removes any 
spurious Interrupts on the INT pin generated during an Inter- 
rupt Enable register access. 

Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12(H)454/8 are operating in the “watchdog” comparison 
mode. Two sequential comparisons are made when the 
LM12(H)454/8 are executing a “watchdog” instruction. De- 
pending on the logic state of Bit 9 in the Instruction RAM’s 
second and third sections, an Interrupt will be generated 
either when the Input signal’s magnitude is greater than or 
less than the programmable limits. (See the Instruction 
RAM, Bit 9 description.) The Limit Status register will indi- 
cate which preprogrammed limit, #1 or #2 and which In- 
struction was executing when the limit was crossed. 
Interrupt 1 is generated when the Sequencer reaches the 
Instruction counter value specified in the Interrupt Enable 
register’s bits 8-10. This flag appears before the instruc- 
tion’s execution. 

Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 
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stored in the Interrupt Enable register’s Bits 11-15. This 
value ranges from 0001 to 1111, representing 1 to 31 con- 
versions stored in the FIFO. A user-programmed value of 
0000 has no meaning. See Section 3.0 for more FIFO infor- 
mation. 

The completion of the short, single-sampled auto-zero cali- 
bration generates interrupt 3. 

The completion of a full auto-zero and linearity self-calibra- 
tion generates interrupt 4. 

interrupt 5 is generated when the Sequencer encounters 
an instruction that has Its Pause bit (Bit 1 in Instruction RAM 
“00”) set to ”1”. 

The LM12(H)454/8 issues Interrupt 6 whenever it senses 
that its power supply voltage is dropping below 4V (typ). 
This interrupt indicates the potential corruption of data re- 
turned by the LM12(H)454/8. 

Interrupt 7 is issued after a short delay (10 ms typ) while 
the LM12(H)454/8 returns from Standby mode to active op- 
eration using the Configuration register’s Bit 4. This short 
delay allows the internal analog circuitry to settle sufficient- 
ly, ensuring accurate conversion results. 

2.4 INTERRUPT ENABLE REGISTER 

The interrupt Enable register at address location 1001 
(A4-A1. BW = 0) or lOOIx (A4-A0, BW = 1) has READ/ 
WRITE capability. An individual interrupt’s ability to produce 
an external interrupt at pin 31 (I NT) is accomplished by plac- 
ing a ”1” in the appropriate bit location. Any of the internal 
interrupt-producing operations will set their corresponding 
bits to “1” in the Interrupt Status register regardless of the 
state of the associated bit in the interrupt Enable register. 
See Section 2.3 for more information about each of the 
eight internal Interrupts. 

Bit 0 enables an external interrupt when an internal “watch- 
dog” comparison limit interrupt has taken place. 

Bit 1 enables an external interrupt when the Sequencer has 
reached the address stored in Bits 8-10 of the Interrupt 
Enable register. 

Bit 2 enables an external interrupt when the Conversion 
FIFO’s limit, stored in Bits 11-15 of the Interrupt Enable 
register, has been reached. 

Bit 3 enables an external interrupt when the single-sampled 
auto-zero calibration has been completed. 

Bit 4 enables an external interrupt when a full auto-zero and 
linearity self-calibration has been completed. 

Bit 5 enables an external interrupt when an internal Pause 
interrupt has been generated. 

Bit 6 enables an external Interrupt when a low power supply 
condition (Va+ < 4V) has generated an internal Interrupt. 
Bit 7 enables an external Interrupt when the LM12(H)454/8 
return from power-down to active mode. 

Bits 8-10 form the storage location of the user-programma- 
ble value against which the Sequencer’s address is com- 
pared. When the Sequencer reaches an address that Is 
equal to the value stored in Bits 8-10, an internal interrupt 
Is generated and appears In Bit 1 of the Interrupt Status 
register. If Bit 1 of the Interrupt Enable register is set to “1”, 
an external interrupt will appear at pin 31 (INT). 

The value stored in bits 8-10 ranges from 000 to 1 1 1, rep- 
resenting 0 to 7 instructions stored In the Instruction RAfv<. 
After the Instruction RAM has been programmed and the 


RESET bit Is set to “1”, the Sequencer is started by placing 
a “1” in the Configuration register’s START bit. Setting the 
INT 1 trigger value to 000 does not generate an INT 1 the 
first time the Sequencer retrieves and decodes Instruction 
000. The Sequencer generates INT 1 (by placing a “1” in 
the Interrupt Status register’s Bit 1) the second time and 
after the Sequencer encounters Instruction 000. It is impor- 
tant to remember that the Sequencer continues to operate 
even if an Instruction interrupt (INT 1) is internally or exter- 
nally generated. The only mechanisms that stop the Se- 
quencer are an instruction with the PAUSE bit set to “1” 
(halts before Instruction execution), placing a “0” in the 
Configuration register’s START bit, or placing a “1” in the 
Configuration register’s RESET bit. 

Bits 11-15 hold the number of conversions that must be 
stored In the Conversion FIFO in order to generate an inter- 
nal Interrupt. This internal interrupt appears in Bit 2 of the 
Interrupt Status register. If Bit 2 of the Interrupt Enable reg- 
ister is set to “1 ”, an external interrupt will appear at pin 31 
(INT). 

2.5 INTERRUPT STATUS REGISTER 

This read-only register Is located at address 1010 (A4-A1, 
BW = 0) or 101 Ox (A4-A0, BW =1). The corresponding 
flag in the Interrupt Status register goes high (“1”) any time 
that an interrupt condition takes place, whether an interrupt 
is enabled or disabled in the Interrupt Enable register. Any 
of the active (“1 ”) Interrupt Status register flags are reset to 
“0” whenever this register is read or a device reset is issued 
(see Bit 1 in the Configuration Register). 

Bit 0 is set to “1” when a “watchdog” comparison limit 
interrupt has taken place. 

Bit 1 is set to “1” when the Sequencer has reached the 
address stored in Bits 8-10 of the Interrupt Enable register. 
Bit 2 is set to “1” when the Conversion FIFO’s limit, stored 
in Bits 11-15 of the Interrupt Enable register, has been 
reached. 

Bit 3 is set to “1” when the single-sampled auto-zero has 
been completed. 

Bit 4 is set to “1” when an auto-zero and full linearity self- 
calibration has been completed. 

Bit 5 is set to “1 ” when a Pause interrupt has been generat- 
ed. 

Bit 6 is set to “1” when a low-supply voltage condition 
(Va"'' < 4V) has taken place. 

Bit 7 is set to “1 ” when the LM12(H)454/8 return from pow- 
er-down to active mode. 

Bits 8-10 hold the Sequencer’s actual instruction address 
while it is running. 

Bits 11-15 hold the actual number of conversions stored in 
the Conversion FIFO while the Sequencer is running. 

2.6 LIMIT STATUS REGISTER 

The read-only register is located at address 1101 (A4-A1, 
BW = 0) or 1101 x (A4-A0, BW =1). This register Is used 
in tandem with the Limit #1 and Limit #2 registers In the 
Instruction RAM. Whenever a given instruction’s input volt- 
age exceeds the limit set in its corresponding Limit register 
(#1 or #2), a bit, corresponding to the instruction number, 
is set in the Limit Status register. Any of the active (“1”) 
Limit Status flags are reset to “0” whenever this register Is 


1-139 


LM 1 2454/LM 1 2H4r)4/LM 1 2458/LM 1 2H458 





LM12454/LM12H454/LM12458/LM12H458 


2.0 Internal User-Programmable Registers (Continued) 


read or a device reset is issued (see Bit 1 in the Configura- 
tion register). This register holds the status of iimits #1 and 
#2 for each of the eight instructions. 

Bits 0-7 show the Limit #1 status. Each bit wiil be set high 
(“1”) when the corresponding instruction’s input voltage ex- 
ceeds the threshold stored in the instruction’s Limit # 1 reg- 
ister. When, for example, instruction 3 is a “watchdog” op- 
eration (Bit 1 1 is set high) and the input for instruction 3 
meets the magnitude and/or polarity data stored in instruc- 
tion 3’s Limit #1 register. Bit 3 in the Limit Status register 
will be set to a “1”. 

Bits 8-16 show the Limit #2 status. Each bit will be set 
high (“1”) when the corresponding instruction’s input volt- 
age exceeds the threshold stored in the instruction’s Limit 
#2 register. When, for example, the input to instruction 6 
meets the value stored in instruction 6’s Limit #2 register. 
Bit 14 in the Limit Status register will be set to a “1 ”. 

2.7 TIMER 

The LM12(H)454/8 have an on-board 16-bit timer that in- 
cludes a 5-bit pre-scaler. It uses the clock signal applied to 
pin 23 as its input. It can generate time intervals of 0 
through 221 clock cycles in steps of 25. This time interval 
can be used to delay the execution of instructions. It can 
also be used to slow the conversion rate when converting 
slowly changing signals. This can reduce the amount of re- 
dundant data stored in the FiFO and retrieved by the con- 
troller. 

The user-defined timing vaiue used by the Timer is stored in 
the 16-bit READ/WRITE Timer register at location 1011 
(A4-A1, BW = 0) or 101 lx (A4-A0, BW = 1) and is pre- 
loaded automatically. Bits 0-7 hoid the preset value’s low 
byte and Bits 8-15 hold the high byte., The Timer is activat- 
ed by the Sequencer only if the, current instruction’s Bit 9 is 
set (“1”). If the equivalent decimal value “N” 
(0 ^ N ^ 216 - 1) is written inside the 1 6-bit Timer register 
and the Timer is enabled by setting an instruction’s bit 9 to a 
“1”, the Sequencer will delay the same instruction’s execu- 
tion by halting at state 3 (S3), as shown in Figure 11, for 
32 X N + 2 clock cycles. 

2.8DMA 

The DMA works in tandem with Interrupt 2. An active DMA 
Request on pin 32 (DMARQ) requires that the FIFO inter- 
rupt be enabled. The voltage on the DMARQ pin goes high 
when the number of conversions in the FIFO equals the 
5-bit value stored in the Interrupt Enable register (bits 11- 
15). The voltage on the TnT pin goes low at the same time 
as the voltage on the DMARQ pin goes high. The voltage on 
the DMARQ pin goos low when the FIFO is emptied. The 
Interrupt Status register must be read to clear the FIFO in- 
terrupt flag in order to enable the next DMA request. 

DMA operation is optimized through the use of the 16-bit 
databus connection (a logic “0” applied to the BW pin). Us- 
ing this bus width allows DMA controllers that have single 
address Read/Write capability to easily unload the FIFO. 
Using DMA on an 8-bit databus is more difficult. Two read 
operations (low byte, high byte) are needed to retrieve each 


conversion result from the, FIFO. Therefore,; the DMA con- 
troller must be able to repeatedly access two constant ad- 
dresses when transferring data from the LM1 2(1^)454/8 to 
the host system. 

3.0 FIFO 

The result of each conversion stored in an internal read-only 
FIFO (First-In, First-Out) register. It is located at 1100 (A4- 
A1, BW = 0) or 1100x (A4-A0, BW = 1). This register has 
32 16-bit wide locations. Each location hoids 13-bit data. 
Bits 0-3 hoid the four LSB’s |n the 12 bits -i; sign mode or 
“1110” in the 8 bits + sigh mode. Bits 4-11 hoid the eight 
MSB’s and Bit 12 holds the sign bit. Bits 13-15 can hold 
either the sign bit, extending the register’s tWo’s comple- 
ment data format to a full sixteen bits or the instruction ad- 
dress that generated the conversion and the resulting data. 
These modes are selected according to the logic state of 
the Configuration register’s Bit 5. 

The FIFO status should be read in the Interrupt Status regis- 
ter (Bits 11-15) to determine the number of conversion re- 
sults that are held in the FIFO before retrieving them. This 
will help prevent conversion data corruption that may take 
place if the number of reads.are greater than the number of 
conversion results contained in the FIFO. Trying to read the 
FIFO when it is empty may corrupt new data being written 
into the FiFO. Writing more than 32 conversion data into the 
FIFO by the ADC results in ioss of the first conversion data. 
Therefore, to prevent data loss, it is recommended that the 
LM12(H)454/8’s interrupt capability be used to inform the 
system controller that the FIFO is full. 

The lower portion (AO = 0) of the data word (Bits 0-7) 
should be read first followed by a read of the upper portion 
(AO = 1) when using the 8-bit bus width (BW =1). Reading 
the upper portion first causes the data to shift down, which 
results in loss of the lower byte. 

Bits 0-12 hold 12-bit + sign conversion data. Bits 0-3 will 
be 1110 (LSB) when using 8-bit plus sign resolution. 

Bits 13-15 hold either the instruction responsible for the 
associated conversion data or the sign bit. Either mode is 
selected with Bit 5 in the Configuration register. 

Using the FIFO’s full depth is achieved as follows. Set the 
value of the Interrupt Enable register’s Bits 1 1 -15 to 1 1 1 1 1 
and the Interrupt Enable register’s Bit 2 to a “1”. This gen- 
erates an external interrupt when the 31st conversion is 
stored in the FIFO. This gives the host processor a chance 
to send a “0” to the LM12(H)454/8’s Start bit (Configura- 
tion register) and . halt the ADC before it completes the 32nd 
conversion. The Sequencer halts after the current (32) con- 
version is completed. The conversion data is then trans- 
ferred to the FIFO and occupies the 32nd location. FIFO 
overflow is avoided if the Sequencer is halted , before the 
start of the 32nd conversion by placing a “0” in the Start bit 
(Configuration register). It is important to remember that the 
Sequencer continues to operate everi if a FiFO interrupt 
(INT 2) is internally or externally generated. The only 
mechanisms that stop the Sequencer are ah instruction with 
the PAUSE bit set to “1” (halts before instruction execu- 
tion); placing a “0” in the Configuration register’s START 
bit, or placing a “1” in the Configuration register’s RESET 
bit. 
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4.0 Sequencer 

The Sequencer uses a 3-bit counter (Instruction Pointer, or 
IP, in Figure 7) to retrieve the programmable conversion 
instructions stored in the Instruction RAM. The 3-bit counter 
is reset to 000 during chip reset or If the current executed 
Instruction has its Loop bit (Bit 1 in any Instruction RAM 
“00”) set high (“1 ”). It increments at the end of the currently 
executed instruction and points to the next instruction. It will 
continue to increment up to 111 unless an instruction’s 
Loop bit is set. If this bit is set, the counter resets to “000” 
and execution begins again with the first instruction. If all 
instructions have their Loop bit reset to “0”, the Sequencer 
will execute all eight instructions continuously. Therefore, it 
is Important to realize that if less than eight instructions are 
programmed, the Loop bit on the last instruction must be 
set. Leaving this bit reset to “0” allows the Sequencer to 
execute “unprogrammed” instructions, the results of which 
may be unpredictable. 

The Sequencer’s Instruction Pointer value is readable at 
any time and is found in the Status register at Bits 8-10. 
The Sequencer can go through eight states during Instruc- 
tion execution: 

State 0: The current instruction’s first 16 bits are read 
from the Instruction RAM “00”. This state is one clock cycle 
long. 

State 1: Checks the state of the Calibration and Start bits. 
This Is the “rest” state whenever the Sequencer is stopped 
using the reset, a Pause command, or the Start bit is reset 
low (“0”). When the Start bit is set to a “1 ”, this state is one 
clock cycle long. 

State 2: Perform calibration. If bit 2 or bit 6 of the Configu- 
ration register is set to a “1 ”, state 2 is 76 clock cycles long. 
If the Configuration register’s bit 3 Is set to a “1”, state 2 is 
4944 clock cycles long. 


State 3: Run the internal 16-bit Timer. The number of 
clock cycles for this state varies according to the value 
stored in the Timer register. The number of clock cycles is 
found by using the expression below 
32T + 2 

where 0 ^ T ^ 216 -1. 

State 7: Run the acquisition delay and read Limit #1’s 
value if needed. The number of clock cycles for 12-bit + 
sign mode varies according to 

9 + 2D 

where D is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM “00” and is limited to 0 ^ D ^ 
15 . 

The number of clock cycles for 8-bit -f sign or “watchdog” 
mode varies according to 

2 + 2D 

where D is the user-programmable 4-blt value stored in bits 
12-15 of Instruction RAM “00” and is limited to 0 ^ D ^ 
15 . 

State 6: Perform first comparison. This state is 5 clock 
cycles long. 

State 4: Read Limit #2. This state is 1 clock cycle long. 
State 5: Perform a conversion or second comparison. 
This state takes 44 clock cycles when using the 1 2-bit + 
sign mode or 21 clock cycles when using the 8-bit + sign 
mode. The “watchdog” mode takes 5 clock cycles. 
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5.0 Analog Considerations 

5.1 REFERENCE VOLTAGE 

The difference in the voltages applied to the Vref+ and 
Vref- defines the analog input voltage span (the differ- 
ence between the voltages applied between two multiplexer 
Inputs or the voltage applied to one of the multiplexer inputs 
and analog ground), over which 4095 positive and 4096 
negative codes exist. The voltage sources driving Vref+ or 
Vref- nriust have very low output impedance and noise. 
The circuit in Figure 12 Is an example of a very stable refer- 
ence appropriate for use with the LM12(H)454/8. 

The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC’s 
reference voltage. When this voltage is the system power 
supply, the Vref+ pin is connected to Va"*" and Vref- is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 
For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence inputs. Typically, the reference voltage’s magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 

When using the LM12(H)454/8’s internal 2.5V bandgap ref- 
erence, a parallel combination of a 1 00 jliF capacitor and a 
0.1 juiF capacitor connected to the Vrefout P'n ‘s recom- 
mended for low noise operation. When left unconnected, 
the reference remains stable without a bypass capacitor. 
However, ensure that stray capacitance at the Vrefout Pin 
remains below 50 pF. 

5.2 INPUT RANGE 

The LM12(H)454/8’s fully differential ADC and reference 
voltage inputs generate a two’s-complement output that is 
found by using the equation below. 

output code = ~ (4096) - Vg (12-bit) 

Vref+ - Vref- 

output code = ~yiN- (256) - Va (8-bit) 

VREF+ “ VREF- 

Round up to the next integer value between -4096 to 4095 
for 12-bit resolution and between -256 to 255 for 8-bit res- 
olution if the result of the above equation is not a whole 


number. As an example, Vref+ = 2.5V, Vref- = “IV, 
V|N+ = 1.5V and V|n- = GND. The 12-bit + sign output 
code is positive full-scale, or 0,1111,1111,1111. If Vref+ 
= 5V, Vref— ~ V|n+ = 3V, and V|n— = GND, the 
12-bit + sign output code is 0,1100,0000,0000. 

5.3 INPUT CURRENT 

A charging current flows into or out of (depending on the 
input voltage polarity) the analog input pins, IN0-IN7 at the 
start of the analog input acquisition time (tAco)- This cur- 
rent’s peak value will depend on the actual input voltage 
applied. 

5.4 INPUT SOURCE RESISTANCE 

For low impedance voltage sources (< 100ft for 5 MHz op- 
eration and <60ft for 8 MHz operation), the input charging 
current will decay, before the end of the S/H’s acquisition 
time, to a value that will not introduce any conversion errors. 
For higher source impedances, the S/H’s acquisition time 
can be increased. As an example, operating with a 5 MHz 
clock frequency and maximum acquisition time, the 
LM12(H)454/8’s analog Inputs can handle source imped- 
ance as high as 6.67 kft. When operating at 8 MHz and 
maximum acquisition time, the LM12H454/8’s analog Inputs 
can handle source impedance as high as 4.17 kft. Refer to 
Section 2.1, Instruction RAM “00”, Bits 12-15 for further 
information. 

5.5 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 /xF-O.I julF) can be connected be- 
tween the analog input pins, IN0-IN7, and analog ground to 
filter any noise caused by inductive pickup associated with 
long input leads. It will not degrade the conversion accura- 
cy. 

5.6 NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

5.7 POWER SUPPLIES 

Noise spikes on the Va"*" and Vd+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. Low 
inductance tantalum capacitors of 1 0 juF or greater paral- 
leled with 0.1 jllF monolithic ceramic capacitors are recom- 


Vm = +13V to +15V 



’Tantalum 

••Ceramic 


TL/H/1 1264-20 


FIGURE 12. Low Drift Extremely Stable Reference Circuit 
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mended for supply bypassing. Separate bypass capacitors 
should be used for the Va"^ and Vp+ supplies and placed 
as close as possible to these pins. 

5.8 GROUNDING 

The LM12(H)454/8’s nominal high resolution performance 
can be maximized through proper grounding techniques. 
These include the use of separate analog and digital ground 
planes. The digital ground plane is placed under all compo- 
nents that handle digital signals, while the analog ground 
plane is placed under all analog signal handling circuitry. 
The digital and analog ground planes are connected at only 
one point, the power supply ground. This greatly reduces 
the occurrence of ground loops and noise. 

It is recommended that stray capacitance between the ana- 
log inputs or outputs (LM12(H)454: IN0-IN3, MUXOUT+, 
MUXOUT-, S/H IN4-, S/H IN-; LM12(H)458: IN0-IN7, 
Vref+. and Vref-) be reduced by increasing the clear- 
ance C+Vieth inch) between the analog signal and refer- 
ence pins and the ground plane. 

5.9 CLOCK SIGNAL LINE ISOLATION 

The LM12(H)454/8’s performance is optimized by routing 
the analog input/output and reference signal conductors 
(pins 34-44) as far as possible from the conductor that car- 
ries the clock signal to pin 23. Ground traces parallel to the 
clock signal trace can be used on printed circuit boards to 
reduce clock signal interference on the analog input/output 
pins. 

6.0 Application Circuits 

6.1 PC EVALUATION/INTERFACE BOARD 

Figure 13 is the schematic of an evaluation/interface board 
designed to interface the LM12(H)454 or LM12(H)458 with 
an XT or AT style computer. The board can be used to 
develop both software and hardware. The board hardwires 
the BW (Bus Width) pin to a logic high, seiecting an 8-bit 
wide databus. Therefore, it is designed for an 8-bit expan- 
sion slot on the computer’s motherboard. 

The circuit operates on a single + 5V supply derived from 
the computer’s +12V supply using an LM340 regulator. 
This greatly attenuates noise that may be present on the 
computer’s power suppiy lines. However, your application 
may only need an LC filter. 

Figure 13 also shows the recommended supply (Va+ and 
Vd + ) and reference input (Vref+ and Vref-) bypassing. 
The digital and analog supply pins can be connected to- 
gether to the same supply voltage. However, they need sep- 
arate, multiple bypass capacitors. Multiple capacitors on the 
supply pins and the reference inputs ensures a low imped- 
ance bypass path over a wide frequency range. 

All digital interface control signals (lOR, lOW, and AEN), 
data lines (DB0-DB7), address lines (A0-A9), and IRQ (in- 
terrupt request) lines (IRQ2, IRQ3, and IRQ5) connections 
are made through the motherboard slot connector. All ana- 
log signals applied to, or received by, the input multiplexer 
(IN0-IN7 for the LM12(H)458 and IN0-IN3, MUXOUT+, 
MUXOUT-, S/H IN+ and S/H IN- for the LM12(H)454), 
Vref+. Vref-> Vrefout> snd the SYNC signal input/ 


output are applied through a DB-37 connector on the rear 
side of the board. Figure 13 shows that there are numerous 
analog ground connections available on the DB-37 connec- 
tor. 

The voltage applied to Vref- and Vref+ is selected using 
two jumpers, JP1 and JP2. JP1 selects between the voltage 
applied to the DB-37’s pin 24 or GND and applies it to the 
LM12(H)454/8’s Vref- input. JP2 selects between the 
LM12(H)454/8’s internal reference output, Vrefout. and 
the voltage applied to the DB-37’s pin 22 and applies it to 
the LM12(H)454/8’s Vref+ input. 


TABLE III. LM12(H)454/8 Evaluation/Interface 
Board SW DIP-8 Switch Settings 
for Available I/O Memory Locations 


Hexidecimal 
I/O Memory 
Base Address 

SW DIP-8 

SW1 

(SELO) 

SW2 

(SEL1) 

SW3 

(SEL2) 

SW4 

(SEL3) 

100 

ON 

ON 

ON 

ON 

120 

OFF 

ON 

ON 

ON 

140 

ON 

OFF 

ON 

ON 

160 

OFF 

OFF 

ON 

ON 

180 

ON 

ON 

OFF 

ON 

1A0 

OFF 

ON 

OFF 

ON 

ICO 

ON 

OFF 

OFF 

ON 

300 

OFF 

OFF 

OFF 

ON 

340 

ON 

ON 

ON 

OFF 

280 

OFF 

ON 

ON 

OFF 

2A0 

ON 

OFF 

ON 

OFF 


The board allows the use of one of three Interrupt Request 
(IRQ) lines IRQ2, IRQ3, and IRQ5. The individual IRQ line 
can be selected using switches 5, 6, and 7 of SW DIP-8. 
When using any of these three IRQs, the user needs to 
ensure that there are no conflicts between the evaluation 
board and any other boards attached to the computer’s 
motherboard. 

Switches 1 -4, along with address lines A5-A9 are used as 
inputs to GAL16V8 Programmable Gate Array (U2). This de- 
vice forms the interface between the computer’s control 
and address lines and generates the control signals used by 
the LM12(H)454/8 for WR, and RD. It also generates 
the signal that controls the data buffers. Several address 
ranges within the computer’s l/Q memory map are avail- 
able. Refer to Table III for the switch settings that gives the 
desired I/O memory address range. Selection of an address 
range must be done so that there are no conflicts between 
the evaluation board and any other boards attached to the 
computer’s motherboard. The GAL equations are shown in 
Figure 14. The GAL functional block diagram is shown In 
Figure 15. 

Figures 16- 19 show the layout of each layer in the 3-layer 
evaluation/interface board plus the silk-screen layout show- 
ing parts placement. Figure /7is the top or component side. 
Figure 18 is the middle or ground plane layer. Figure 19 is 
the circuit side, and Figure is the parts layout. 
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6.0 Application Circuits (Continued) 


Rear D Connector 



Note: The layout utilizes a split ground plane. The analog ground plane is placed under all analog signals and U5 pins 1 , 34-44. The remaining signals and pins are 
placed over the digital ground. The single point ground connection is at U6, pin 2, and this is connected to the motherboard pin B1. 


Parts List; 

Y1 

HC49U, 8 MHz crystal 

D1 

1N4002 

LI 

33 jllH 

P1 

DB37F; parallel connector 

R1 

10 Ma, 5%, y4W 

R2 

2 kn, 5%, ViW 

RN1 

10 ka, 6 resistor SIP, 5%, VaW 

JP1, JP2 

HX3, 3-pin jumper 

SI 

SW DIP-8; 8 SPST switches 

Cl -3, C6, C9-11, 
Cl 9, C22 

0.1 jaF, 50V, monolithic ceramic 

C4 

68 pF, 50V, ceramic disk 

C5 

15 pF, 50V, ceramic disk 


C7, C21 

100 jliF, 25V, electrolytic 

C8, Cl 2, C20 

1 0 jLtF, 35V, electrolytic 

Cl 3, Cl 6 

0.01 jliF, 50V, monolithic ceramic 

Cl 4, Cl 8 

1 jaF, 35V, tantalum 

C15,C17 

100 jaF, 50V, ceramic disk 

U1 

MM74HCT244N 

U2 

GAL16V8-20LNC 

U3 

MM74HCT245N 

U4 

MM74HCU04N 

U5 

LM12(H)458CIV or LM12(H)454CIV 

U6 

LM340AT-5.0 

SKI 

44-pin PLCC socket 

A1 

LM12(H)458/4 Rev. D PC Board 


FIGURE 13. Schematic and Parts List for the LM12(H)454/8 Evaluation/Interface 
Board for XT and AT Style Computers, Order Number LM12458EVAL 
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6.0 Application Circuits (Continued) 

ll/O Decode Lines 
i O.A5 1 

i O.A 6 2 

I 0-A7 3 

i O..A 8 4 

i 0-A9 5 

;Select Lines for Zone Decode 
SELO 6 

SELl 7 

SEL2 8 

SEL3 9 

{Physical I/O Controls 
AEN 

tio>WR 11 

tio_RD 13 

{Physical Outputs 

tcs 

tWR 
IRD 

tDBEN 12 

{ Internedi ate Tens! 

DECO 16 

FILT 14 

Equat I ons 

{Decode of Select Lines: 


TL/H/1 1264-33 


15 


17 
19 

18 


SL0 




tSEL2 

8 

fSELl 

8 

tSEL0; 

SLl 




fSEL2 

8 

tSELl 

8 

SEL0; 

SL2 




tSEL2 

8 

SELl 

8 

tSEL0; 

SL3 




tSEL2 

8 

SELl 

8 

SEL0; 

SL4 




SEL2 

8 

fSELl 

8 

tSELO; 

SL5 




SEL2 

8 

tSELl 

8 

SEL0; 

SL 6 




SEL2 

8 

SELl 

8 

tSEL0; 

SL7 




SEL2 

8 

SELl 

8 

SEL0; 

; Decode 

of 

Address Lines! 





AL00 


SL0 

8 

! 1 O.A7 

8 

f io.A 6 

8 

!lo.A5; 

AL20 

m 

SLl 

8 

♦IO.A7 

8 

tio.A 6 

8 

i O.A5; 

AL40 

m 

SL2 

8 

t 1 O.A7 

8 

i O.A 6 

8 

? i O.A5; 

AL60 

m 

SL3 

8 

t i O.A7 

8 

i O.A 6 

8 

i O.A5; 

AL80 


SL4 

8 

io.A7 

8 

t i O.A 6 

8 

tio.A5; 

ALA0 


SL5 

8 

io.A7 

8 

f i O.A 6 

8 

i O.A5; 

ALC0 


SL 6 

8 

io.A7 

8 

i O.A 6 

8 

tio.A5; 


AH01 

AH02 

AH03 


♦SEL3 8 fio.A9 8 io.AB; 

SEL3 8 io.A9 8 tio.AB 8 io-A7 8 tio.A5; 
SEL3 8 io.A9 8 1 0 .-A 8 8 t i o_A7 8 tio.A5: 


{ Intersedi ate Address Groups: 

DEC0 - tAEN 8 (AL00 t AL20 f- AL40 + AL60 t AL80 4 ALA0 + ALC0); 

{DAS Chip Select Decode: 

FILT - CS 8 ( io-WR + lo-RD); 

CS - ( io.UR t io.RD) 8 DEC0 8 ( AH01 + AH02 t AH03); 

DBEN - CS 8 DEC0 8 ( io-WR + io.RD); 

{Delayed Read/ Write Decodes! 

WR - lo-WR 8 FILT; 

RD - Io.RD 8 FILT; 


FIGURE 14. Logic Equations Used to Program the GAL16V8 


TL/H/1 1264-32 
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6.0 Application Circuits (Continued) 



TL/H/1 1264-27 


LM 12458/4 EVAL BRD 
REV D 
SER # 

© 1991 

A31 


R2 


SI 


R1 


1=1 

C4 


C5 □□ U4 


C6 

1 = 


SW1 

SW2 

SW3 

SW4 

SW5 

SW6 

SW7 

SW8 


Cl 

U1 □□ 


C2 

U2 \—i 


C3 

U3 =1 


COMP. SIDE A31 


Y1 


National 

Semiconductor 
JP2 JP1 
a I i BA i i e 

C7 CR Q9 

+ 1 


O 


0 “ 0 * 
a li! ‘O 

1 +C15 Q 

C14 [=[= I 


CIO 


C12 



A1 


19 


TL/H/1 1264-31 

FIGURE 16. Silk-Screen Layout Showing Parts Placement on the LM12(H)454/8 Evaluation/Interface Board 
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6.0 Application Circuits (Continued) 



TL/H/1 1264-29 

FIGURE 18. LM12(H)454/8 Evaiuation/Interface Board Ground-Plane Layout Negative 
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National Semiconductor 


LM12L454/LM12L458 12-Bit + 

Sign Data Acquisition System with Self-Calibration 


General Description 

The LM12L454 and LM12L458 are highly integrated 3.3V 
Data Acquisition Systems. They combine a fully-differential 
self-calibrating (correcting linearity and zero errors) 13-bit 
(12-bit + sign) analog-to-digital converter (ADC) and sam- 
ple-and-hold (S/H) with extensive analog functions and digi- 
tal functionality. Up to 32 consecutive conversions, using 
two’s complement format, can be stored in an internal 
32-word (16-bit wide) FIFO data buffer. An internal 8-word 
RAM can store the conversion sequence for up to eight 
acquisitions through the LM12L458’s eight-input multiplex- 
er. The LM12L454 has a four-channel multiplexer, a differ- 
ential multiplexer output, and a differential S/H input. The 
LM12L454 and LM12L458 can also operate with 8-bit + 
sign resolution and in a supervisory “watchdog” mode that 
compares an input signal against two programmable limits. 
Programmable acquisition times and conversion rates are 
possible through the use of internal clock-driven timers. 

All registers, RAM, and FIFO are directly addressable 
through the high speed microprocessor interface to either 
an 8-bit or 16-bit databus. The LM12L454 and LM12L458 
include a direct memory access (DMA) interface for high- 
speed conversion data transfer. 


■ Comparison time 
(“watchdog” mode) 

■ ILE 

■ V|N range 

■ Power dissipation 

■ Stand-by mode 

■ Single supply 

Features 

IB Three operating modes: 12-bit + sign, 8-bit + sign, 
and “watchdog” 

■ Single-ended or differential inputs 
B Built-in Sample-and-Hold 

B Instruction RAM and event sequencer 
□ 8-channel (LM12L458), 4-channel (LM12L454) 
multiplexer 

a 32-word conversion FIFO 

a Programmable acquisition times and conversion rates 
m Self-calibration and diagnostic mode 
B 8- or 16-bit wide databus microprocessor or DSP 
interface 

B CMOS compatible I/O 


1.8 jLLS (max) 
± 1 LSB (max) 
GND to Va+ 
15 mW (max) 
5 jaW (typ) 
3V to 5.5V 


Key Specifications (fcLK = e mhz) 


B Resolution 
B 13-bit conversion time 
B 9-bit conversion time 
B 1 3-bit Through-put rate 


12-bit + sign or 8-bit + sign 
7.3 juts 
3.5 JLLS 

106k samples/s (min) 


Appiications 

B Data Logging 
a Process Control 
B Energy Management 
m Medical Instrumentation 


Connection Diagram 


nnnnnnnnnnn 


6 5 4 3 2 


DSC 7 

06 [I 8 

07 C 9 
OSE 10 
09C 11 

Vd+C 12 
OlOC 13 
01 1 C 14 
D12C 15 
013C 16 
DUC 17 


44 43 42 41 40 


LM12L458 

(LM12L454) 


18 19 20 21 22 23 24 25 26 27 28 

• nununiT n o TT u n " 


39 □lN5(MUX0UT+)* 
38 □lN4(MUX0UT-)* 
37 Dins 
36 □lN2 
35 □ini 
34 □iNO 
33 □gND 
32 DoMARQ 
31 □iNT 
30 □bW 
29 □sync 


^ IS |g 153 
*Pin names in ( ) apply to the LM12L454. 


TL/H/11711-1 


Order Number LM12L454CiV or LM12L458CIV 
See NS Package Number V44A 
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Functional Diagrams 


LM12L454 



(LSB) (MSB) 

TL/H/11711-2 


LM12L458 



(LSB) (MSB) 


TL/H/11711-3 


Ordering Information 


Guaranteed 

Guaranteed 

Order 

See NS 

Clock Freq (min) 

Linearity Error (max) 

Part Number 

Package Number 

6 MHz 

±1.0 LSB 

LM12L454CIV 

V44A 



LM12L458CIV 

V44A 
















Absolute Maximum Ratings (Notes 1 , 2) 

If Military/Aerospace specified devices are required, 
please Contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Va+ and Vd+) 6.0V 

Voltage at Input and Output Pins 
except IN0-IN3(LM12L454) -0.3V to V+ 4 - 0.3V 

and IN0-IN7 (LM12L458) 

Voltage at Analog Inputs IN0-IN3 (LM12L454) 
andlN0-IN7(LM12L458) GND - 5VtoV+ + 5V 

|Va+-Vd + | 300 mV 

InputCurrentat Any Pin (Note3) ±5mA 

Package Input Current (Note 3) ± 20 mA 

Power Dissipation (Ta = 25®C) 

V Package (Note 4) 875 mW 

Storage T emperature - 65°C to + 1 50*C 

Lead Temperature 

V Package, Infrared, 1 5 sec. + 300°C 

ESD Susceptibility (Note 5) 1 .5 kV 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Operating Ratings (Notes 1 , 2) 

Temperature Range 
(Trpin ^ Ta ^ T^ax) 

LM12L454CIV/LM12L458CIV -40“C ^ Ta ^ 85°C 
Supply Voltage 

Va+.Vd+ 3.0V to 5.5V 

|Va+-Vd + | ^100 mV 

V|fvj+ Input Range GND ^ V|n+ ^ Va"^ 

V|N_ Input Range GND ^ V|n- Va+ 

Vref+ Input Voltage 1V ^ Vref+ ^ ^a"^ 

Vref— Input Voltage OV ^ Vref- ^ Vref+ “ 

Vref+-Vref- 1V^Vref^Va + 

Vref Common Mode 

Range (Note 16) 0.1 Va+ ^ Vrefcm ^ 0.6 Va+ 


Converter Characteristics 

The following specifications apply to the LM12L454 and LM12L458 for Va+ = Vd+ = 3.3V, Vref+ = 2.5V, Vref- = OV, 
12-bit + sign conversion mode, fcLK = 6.0 MHz, Rs = 250, source impedance for Vref+ and Vref- ^ 250, fully-differential 
input with fixed 1 .25V common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25“C. (Notes 6, 7, 8, and 9) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 

(Notell) 

Unit 

(Limit) 

ILE 

Positive and Negative Integral 

Linearity Error 

After Auto-Cal (Notes 12, 17) 

±1/2 

±1 

LSB (max) 

TUE 

Total Unadjusted Error 

After Auto-Cal (Note 1 2) 

±1 


LSB 


Resolution with No Missing Codes 

After Auto-Cal (Note 1 2) 


13 

Bits (max) 

DNL 

Differential Non-Linearity 

After Auto-Cal 


±1 

LSB (max) 


Zero Error 

After Auto-Cal (Notes 13,17) 

±1/4 

±1 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 7) 

±1/2 

±3 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Notes 12, 17) 

±1/2 

±3 

LSB (max) 


DC Common Mode Error 

(Note 14) 

±2 

±4 

LSB (max) 

ILE 

8-Bit + Sign and “Watchdog” 

Mode Positive and Negative 

Integral Linearity Error 

(Note 12) 


±1/2 

LSB (max) 

TU^ 

8-Bit + Sign and “Watchdog” Mode 
Total Unadjusted Error 

After Auto-Zero 

±1/2 

±3/4 

LSB (max) 


8-Bit -t- Sign and “Watchdog” Mode 
Resolution with No Missing Codes 



9 

Bits (max) 

DNL 

8-Bit + Sign and “Watchdog” Mode 
Differential Non-Linearity 



±1 

LSB (max) 


8-Bit + Sign and “Watchdog” Mode 
Zero Error 

After Auto-Zero 


±1/2 

LSB (max) 


8-Bit + Sign and “Watchdog” Positive 
and Negative Full-Scale Error 



±1/2 

LSB (max) 
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Converter Characteristics 

The following specifications apply to the LM12L454 and LM12L458 for Va+ = = 3.3V, Vrefh- = 2.5V, Vref- = OV, 

12-bit + sign conversion mode, fcLK = 6-0 MHz, Rs = 25ft, source impedance for Vref + and Vref- ^ 25ft, fully-differential 
input with fixed 1 .25V common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin Tmax: all other limits Ta = Tj = 25“C. (Notes 6, 7, 8, and 9) (Continued) 


Symbol 

Parameter 


8-Bit + Sign and “Watchdog” Mode 
DC Common Mode Error 


Multiplexer Channel-to-Channel 
Matching 


Conditions 


Typical Limits Unit 
(Note 10) (Note 11) (Limit) 


V|NH- 

Non-Inverting Input Range 

V|N- 

Inverting Input Range 

V|N+ - V|N- 

Differential Input Voltage Range 

V|N+ - V|N- 
2 

Common Mode Input Voltage Range 

PSS 

Power Supply Zero Error 

Sensitivity Full-Scale Error 

(Note 1 5) Linearity Error 

Cref 

Vref+/Vref- Input Capacitance 



Converter AC Characteristics 

The following specifications apply to the LM12L454 and LM12L458 for Va+ = Vd+ = 3.3V, Vref + = 2.5V, Vref- = OV, 
12-bit + sign conversion mode, fcLK = 6.0 MHz, Rs = 25ft, source impedance for Vref-i- and Vref- ^ 25ft, fully-differential 
input with fixed 1 .25V common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tnim to Tmax! all other limits Ta = Tj = 25'*C. (Notes 6, 7, 8, and 9) 


Symbol 

i 

Parameter 


Clock Duty Cycle 


Throughput Rate 
(Note 18) 


tpu Power-Up Time 


twu I Wake-Up Time 



Typical 
(Note 10) 


50 


Limits 
(Note 11) 




C 

Conversion Time 

13-Bit Resolution, 

Sequencer State S5 (Figure 1 1) 

44 (tcLK) 

44(tcLK) + sons 

(max) 



9-Bit Resolution, 

Sequencer State S5 (Figure 1 1) 

21 (tcLK) 

21 (tCLK) + sons 

(max) 

t 

A 

Acquisition Time 

Sequencer State S7 (Figure 11) 
Built-in minimum for 13-Bits 

9(tCLK) 

0(tcLK) + sons 

(max) 



Built-in minimum for 9-Bits and 
“Watchdog” mode 

2 (tcLK) 

2 (tcLx) SO ns 

(max) 

1 

Z 

Auto-Zero Time 

Sequencer State S2 (Figure 1 1) 

76(tcLK) 

76 (Iclk) SO ns 

(max) 

tCAL 

Full Calibration Time 

Sequencer State S2 (Figure 1 1) 

4944 (tcLK) 

4944 (tcLK) + SO ns 

(max) 

































































DC Characteristics The following specifications apply to the LM12L454 and LM12L458 for Va+ = Vd+ = 3.3V, 
Vref+ = 2.5V, Vref- = OV, fcLK = 6.0 MHz and minimum acquisition time unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin to Tmax! other limits Ta = Tj = 25"C. (Notes 6, 7, and 8) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

Id+ 

Vd+ Supply Current 

C§ = “1” 

LM12L454/8 

0.4 

1.0 

mA (max) 


Va’^ Supply Current 

C§ = “1” 

i 






LM12L454/8 ] 

2.25 

3.5 


*ST 

Stand-By Supply Current (Id + + Ia'^) 

Power-Down Mode Selected 







Clock Stopped 

1.5 

4.5 

fxA (max) 




6 MHz Clock 

30 


juA (max) 


Multiplexer ON-Channel Leakage Current 

Va+ = 3.6V 







ON-Channel = 3.6V 







OFF-Channel = OV 

0.1 

0.3 

juA (max) 




ON-Channel = OV 







OFF-Channel = 3.6V 

0.1 

0.3 

}xA (max) 


Multiplexer OFF-Channel Leakage Current 

Va+ = 3.6 V 







ON-Channel = 3.6V 







OFF-Channel = OV 

0.1 

0.3 

fxA (max) 




ON-Channel = OV 







OFF-Channel = 3.6V 

0.1 

0.3 

fxA (max) 


Multiplexer ON-Resistance 

LM12L454 







V|N = 3.3V 


850 

1500 

n(max) 



V,N = 1.65V 

1300 

2000 

ft(max) 



V,N = OV 


830 

1500 

fl(max) 
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DiQltBl Ch3rdCt6riStiCS The following specifications apply to the LM12L454 and LM12L458 for Va+ = Vd+ 

3.3V, unless otherwise specified. Boldface limits apply for Ta = Tj = Tumi Tmax! other limits Ta = Tj = 25°C. 
(Notes 6, 7, and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

, Limits 
(Note 11) 

Unit 

(Limit) 

V|N(1) 

Logical “1” Input Voltage 

Va+ = Vd+ = 3.6V 




V|N(0) 

Logical “0” Input Voltage 

Va+ = Vd+ = 3.0V 
ALE, Pin 22 




l|N(1) 

Logical “1 ” Input Current 

V|N = 3.3V 

0.005 

1.0 

2.0 

jllA (max) 

l|N(0) 

Logical “0” Input Current 

V,N = OV 

-0.005 

1 1 

b b 

jaA (max) 

C|N 

D0-D15 Input Capacitance 


6 


PF 

V0UT(1) 

Logical “1” Output Voltage 

Va+ = Vd+ = 3.0V 
•out = —360 jLtA 
•out = ”'•0 


2.4 

2.85 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

Va+ = Vd+ = 3.0V 
•out 1.6 mA 
•out = '•0 M 


d d 

V (max) 

■out 

TRI-STATE® Output Leakage Current 

VOUT == OV 

VoUT = 3.3 V 

-0.01 

0.01 

-3.0 

3.0 

julA (max) 
jaA (max) 

Digital Timing Characteristics 

The following specifications apply to the LM12L454 and LM12L458 for = Vd+ = 3.3V, ^ = tf = 3 ns, and Cl = 100 pt= 

on data I/O, INT and DMARQ lines unless otherwise specified. Boldface limits appiy for Ta = Tj = Tmin TmaxI all 
other limits Ta = Tj = 25”C. (Notes 6, 7, and 8) 

Symbol 
(See Figures 

8a, 8b, and 8c) 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

1,3 

CS or Address Valid to ALE Low 

Set-Up Time 



40 

ns (min) 

2,4 

CS or Address Valid to ALE Low 

Hold Time 



20 


5 

ALE Pulse Width 



45 


6 

RD High to Next ALE High 



35 

ns (min) 

7 

ALE Low to RD Low 



20 

ns (min) 

8 

m Pulse Width 



100 

|[[|Q^Q[|||||||| 

9 

^ High to Next^ or WR Low 



100 

ns (min) 

10 

ALE Low to WR Low 



20 

ns (min) 

11 

WR Pulse Width 



60 


12 

WR High to Next ALE High 



75 

ns (min) 

13 

WR High to Next ^ or WR Low 



140 

ns (min) 

14 




40 

ns (min) 

15 




30 


16 



30 

■1 

iHl 

17 

RD High to TRI-STATE 

Rl = 1 kn 

30 

10 

110 

ns (min) 
ns (max) 

18 

RD Low to Data Valid (Access Time) 


30 

10 

95 

ns (min) 
ns (max) 



1-156 






















Digital Timing Characteristics 

The following specifications apply to the LM12L454 and LM12L458 for Va+ = Vd+ = 3.3V, tr = tf = 3 ns, and Cl = 100 pF 
on data I/O, InT and DMARQ lines unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; 
other limits Ta = Tj = 25°C. (Notes 6, 7, and 8) (Continued) 


Symbol 
(See Figures 

8a, 8b, and 8c) 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Unit 

(Limit) 

20 

Address Valid or CS Low to TO Low 



20 

ns (min) 

21 

Address Valid or CS Low to WR Low 



20 

ns (min) 

19 

Address Invalid 
fromTOor WR High 



10 

ns (min) 

22 

TnT High from TO Low 


30 

10 

ns (min) 





60 

ns (max) 

23 

DMARQ Low from TO Low 


30 

10 

ns (min) 





60 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > (Va+ or Vd + )), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax (maximum junction temperature), 0ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax ~ Ta)/ 
©jA or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tj^ax = 150°C, and the typical thermal resistance (©ja) of the 
LM12L454 and LM12L458 in the V package, when board mounted, is 47‘’C/W. 

Note 5: Human body model, 1 00 pF discharged through a 1 .5 kft resistor. 

Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input voltage magnitude up to 5V above Va+ or 5V below 
GND will not damage the LM12L454 or the LM12L458. However, errors in the A/D conversion can occur if these diodes are forward biased by more than 100 mV. 
As an example, if Va+ is 3.0 Vqc. full-scale input voltage must be ^3.1 Vdc to ensure accurate conversions. 


Va+ 



TL/H/11711-4 

Note 7: Va+ and Vd+ must be connected together to the same power supply voltage and bypassed with separate capacitors at each V+ pin to assure 
conversion/comparison accuracy. 

Note 8: Accuracy is guaranteed when operating at fciK = 6 MHz. 

Note 9: With the test condition for Vref = Vref-h - Vref- given as -F2.5V, the 12-bit LSB is 305 jxV and the 8-bit/"Watchdog” LSB is 4.88 mV. 

Note 10: Typicals are at Ta = 25*0 and represent most likely parametric norm. 

Note 11: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale and zero. (See Figures 5b and 5c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the code transitions 
between -1 to 0 and 0 to + 1 (see Figure 6). 

Note 14: The DC common-mode error is measured with both inputs shorted together and driven from OV to 2.5V. The measured value is referred to the resulting 
output value when the inputs are driven with a 1 .25V signal. 

Note 15: Power Supply Sensitivity is measured after Auto-Zero and/or Auto-Calibration cycle has been completed with Va+ and Vd+ at the specified extremes. 
Note 16: Vrefcm (Reference Voltage Common Mode Range) is defined as (Vref+ + Vref-)/2. 

Note 17: The LM12L454/8’s self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will result in 
a repeatability uncertainty of ±0.10 LSB. 

Note 18: The Throughput Rate is for a single instruction repeated continuously. Sequencer states 0 (1 clock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 
clock cycles) are used (see Figure 11). One additional clock cycle is used to read the conversion result stored in the FIFO, for a total of 56 clock cycles per 
conversion. The Throughput Rate is fcLK (MHz)/N, where N is the number of clock cycles/conversion. 
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Electrical Characteristics 



V|N + <V) 

TL/H/11711-5 

FIGURE 1. The General Case of Output Digital Code vs the Operating Input Voltage Range 



V|N + <V) 

TL/H/11711-6 

FIGURE 2. Specific Case of Output Digital Code vs the Operating Input Voltage Range for Vref = 2.5V 
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Electrical Characteristics (Continued) 



FIGURE 5a. Transfer Characteristic 


TL/H/11711-9 



(from -4096 to +4095) 


TL/H/11711-10 

FIGURE 5b. Simplified Error Curve vs Output Code without Auto-Calibration or Auto-Zero Cycles 
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Electrical Characteristics (Continued) 



TL/H/1 171 1-11 


FIGURE 5c. Simplified Error Curve vs Output Code after Auto-Caiibration Cycle 




+ 1 - 

JL_ 

0 

1 




OFFSET VOLTAGE 

- -1 

- -2 


ANALOG INPUT VOLTAGE (V,f^) 

FIGURE 6. Offset or Zero Error Voltage 


TL/H/11711-12 
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Typical Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration with Va+ = Vd+ = 3.3V, Vref+ = 2.5V, 
Vref- = OV, Ta = 25®C, and fcLK = 6 MHz unless otherwise specified. The performance for 8-bit + sign and “watchdog” 
modes is equal to or better than shown. (Note 9) 


Linearity Error Change Linearity Error Change Linearity Error Change 

vs Clock Frequency vs Temperature vs Reference Voltage 



CLOCK FREQUENCY (MHz) TEMPERATURE (®C) REFERENCE VOLTAGE (V) 


Linearity Error Change Full-Scale Error Change Full-Scale Error Change 

vs Supply Voltage vs Clock Frequency vs Temperature 



SUPPLY VOLTAGE (V) CLOCK FREQUENCY (MHz) TEMPERATURE (°C) 


Full-Scale Error Change Full-Scale Error Zero Error Change 

vs Reference Voltage vs Supply Voltage vs Clock Frequency 



REFERENCE VOLTAGE (V) SUPPLY VOLTAGE (V) CLOCK FREQUENCY (MHz) 


Zero Error Change Zero Error Change Zero Error Change 

vs Temperature vs Reference Voltage vs Supply Voltage 



TEMPERATURE (oc) REFERENCE VOLTAGE (V) SUPPLY VOLTAGE (V) 


TL/H/11711-13 
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Test Circuits and Waveforms 





TL/H/11711-16 


LM12L454/8 


nr 


; Rl = 1 kn 


I 


Cl = 100pF 


DATA 

OUTPUT 


TL/H/11711-17 



TL/H/11711-18 


FIGURE 7. TRI-STATE Test Circuits and Waveforms 


Timing Diagrams 

Va+ = Vd+ = +3.3V, tR = tp = 3 ns, Cl = 100 pF for the InT, DMARQ, D0-D15 outputs. 
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FIGURE 8a. Multiplexed Data Bus 


1 , 3: ^ or Address valid to ALE low set-up time. 

2, 4: ^ or Address valid to ALE low hold time. 

5: ALE pulse width 

6: TO high to next ALE high 
7: ALE low to TO low 
8: TO pulse width 
9: TO high to next TO or WR low 
10: ALE low to WR low 


1 1 : WR pulse width 

12: WR high to next ALE high 

13: WR high to next WR or TO low 

14: Data valid to WR high set-up time 

15: Data valid to WR high hold time 

16: TO low to data bus out of TRI-STATE 

17: TO high to TRI-STATE 

1 8: TO low to data valid (access time) 
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Timing Diagrams 


Va+ = Vd-^ 


+ 3.3V, tp = tp = 3 ns, Cl = 100 pF for the INT, DMARQ, D0-D15 outputs. (Continued) 



FIGURE 8b. Non-Multipiexed Data Bus (ALE = 1) 


8: RD pulse width 
9: ro high to next TO or WR low 
1 1 : WR pulse width 
13: WR high to next WR or RD low 
14: Data valid to WR high set-up time 
15: Data valid to WR high hold time 


16: RD low to data bus out of TRI-STATE 

17: high to TRI-STATE 

18: RD low to data valid (access time) 

19: Address invalid from RD or WR high (hold time) 
20: CS low or address valid to RD low 
21 : CS low or address valid to WR low 


Va+ = Vd+ = +3.3V, tp = tp = 3 ns, Cl = 100 pF for the INT, DMARQ. D0-D15 outputs. 




FIGURE 8c. Interrupt and DMARQ 


22: INT high from RD low 
23: DMARQ low from RD low 
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Pin Description 

Va+ These are the analog and digital supply voltage 

Vd'*' pins. The LM12L454/8’s supply voltage operating 
range is +3.0V to +5.5V. Accuracy is guaranteed 
only if Va+ and Vd+ are connected to the same 
power supply. Each pin should have a parallel 
combination of 1 0 /xF (electrolytic or tantalum) and 
0.1 jliF (ceramic) bypass capacitors connected be- 
tween it and ground. 

D0-D15 The internal data input/output TRI-STATE buffers 
are connected to these pins. These buffers are de- 
signed to drive capacitive loads of 1 00 pF or less. 
External buffers are necessary for driving higher 
load capacitances. These pins allows the user a 
means of instruction input and data output. With a 
logic high applied to the BW pin, data lines D8- 
D1 5 are placed in a high impedance state and data 
lines D0-D7 are used for instruction input and 
data output when the LM1 2L454/8 is connected to 
an 8-bit wide data bus. A logic low on the BW pin 
allows the LM12L454/8 to exchange information 
over a 1 6-bit wide data bus. 

TO This is the input for the active low READ bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic signal a^ied to the 
BW pin, are enabled when TO and CS are both 
low. This allows the LM12L454/8 to transmit infor- 
mation onto the databus. 

WR This is the input for the active low WRITE bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic _signal a^ied to the 
BW pin, are enabled when WR and CS are both 
low. This allows the LM12L454/8 to receive infor- 
mation from the databus. 

TO This is the input for the active low Chip Select con- 
trol signal. A logic low should be applied to this pin 
only during a READ or WRITE access to the 
LM12L454/8. The internal clocking is halted and 
conversion stops while Chip Select is low. Conver- 
sion resumes when the Chip Select input signal 
returns high. 

ALE This is the Address Latch Enable input. It is used in 
systems containing a multiplexed databus. When 
ALE is asserted high, the LM12L454/8 accepts 
information on the databus as a valid address. A 
high-to-low transition will latch the address data on 
A0-A4 and the logic state on the CS input. Any 
changes on A0-A4 and TO while ALE is low will 
not affect the LM12L454/8. See Figure 8a. When 
a non-multiplexed bus is used, ALE is continuously 
asserted high. See Figure 8b. 

CLK This is the external clock input pin. The 
LM12L454/8 operates with an input clock frequen- 
cy in the range of 0.05 MHz to 8 MHz. 

A0-A4 These are the LM12L454/8’s address lines. They 
are used to access all internal registers. Conver- 
sion FIFO, and Instruction RAM. 

SYNC This is the synchronization input/output. When 
used as an output, it is designed to drive capacitive 
loads of 1 00 pF or less. External buffers are nec- 
essary for driving higher load capacitances. SYNC 
is an input if the Configuration register’s “I/O Se- 
lect” bit is low. A rising edge on this pin causes 


BW 


INT 


DMARQ 


GND 


IN0-IN7 

(IN0-IN3 

LM12L454 


S/H IN + 
S/H IN- 
MUXOUT+ 
MUXOUT- 

Vref- 


VreF + 


N.C. 


the internal S/H to hold the Input signal. The 
next rising clock edge either starts a conver- 
sion or makes a comparison to a programma- 
ble limit depending on which function is re- 
quested by a programming instruction. This pin 
will be an output if “I/O Select” is set high. 
The SYNC output goes high when a conver- 
sion or a comparison is started and low when 
completed. (See Section 2.2). An internal reset 
after power is first applied to the LM12L454/8 
automatically sets this pin as an input. 

This is the Bus Width input pin. This input al- 
lows the LM12L454/8 to interface directly with 
either an 8- or 1 6-bit databus. A logic high sets 
the width to 8 bits and places D8-D15 in a 
high impedance state. A logic low sets the 
width to 1 6 bits. 

This is the active low interrupt output. This out- 
put is designed to drive capacitive loads of 
1 00 pF or less. External buffers are necessary 
for driving higher load capacitances. An inter- 
rupt signal is generated any time a non- 
masked interrupt condition takes place. There 
are eight different conditions that can cause 
an interrupt. Any interrupt is reset by reading 
the Interrupt Status register. (See Section 2.3.) 
This is the active high Direct Memory Access 
Request output. This output is designed to 
drive capacitive loads of 1 00 pF or less. Exter- 
nal buffers are necessary for driving higher 
load capacitances. It goes high whenever the 
number of conversion results in the conversion 
FIFO equals a programmable value stored in 
the Interrupt Enable register. It returns to a log- 
ic low when the FIFO is empty. 

This is the LM12L454/8 ground connection. It 
should be connected to a low resistance and 
inductance analog ground return that connects 
directly to the system power supply ground. 
These are the eight (LM12L458) or four 
(LM12L454) analog inputs. A given channel is 
selected through the , instruction RAM. Any of 
the channels can be configured as an indepen- 
dent single-ended input. Any pair of channels, 
whether adjacent or non-adjacent, can operate 
as a fully differential pair. 

These are the LM12L454’s non-inverting and 
inverting inputs to the internal S/H. 

These are the LM12L454’s non-inverting and 
inverting outputs from the internal multiplexer. 
This is the negative reference input. The 
LM12L454/8 operate with OV ^ Vref- ^ 
Vref+- This pin should be bypassed to 
ground with a parallel combination of 10 jxF 
and 0.1 jliF (ceramic) capacitors. 

This is the positive reference input. The 
LM12L454/8 operate with OV ^ Vref+ ^ 
Va+. This pin should be bypassed to ground 
with a parallel combination of 10 jaF and 
0.1 jxF (ceramic) capacitors. 

This is a no connect pin. 
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Application information 
1.0 Functional Description 

The LM12L454 and LM12L458 are multi-functional Data Ac- 
quisition Systems that include a fully differential 12-bit-plus- 
sign self-calibrating analog-to-digital converter (ADC) with a 
two’s-complement output format, an 8-channel (LM12L458) 
or a 4-channel (LM12L454) analog multiplexer, a first-in- 
first-out (FIFO) register that can store 32 conversion results, 
and an Instruction RAM that can store as many as eight 
instructions to be sequentially executed. The LM12L454 
also has a differential multiplexer output and a differential 
S/H input. All of this circuitry operates on only a single 
+ 3.3V power supply. 

The LM12L454/8 have three modes of operation: 

1 2-bit + sign with correction 
8-bit + sign without correction 
8-bit + sign comparison mode (“watchdog” mode) 

The fully differential 1 2-bit-plus-sign ADC uses a charge re- 
distribution topology that Includes calibration capabilities. 
Charge re-distribution ADCs use a capacitor ladder In place 
of a resistor ladder to form an internal DAC. The DAC is 
used by a successive approximation register to generate 
intermediate voltages between the voltages applied to 
Vref- £ind Vref+- These intermediate voltages are com- 
pared against the sampled analog input voltage as each bit 
is generated. The number of intermediate voltages and 
comparisons equals the ADC’s resolution. The correction of 
each bit’s accuracy is accomplished by calibrating the ca- 
pacitor ladder used in the ADC. 

Two different calibration modes are available; one compen- 
sates for offset voltage, or zero error, while the other cor- 
rects both offset error and the ADC’s linearity error. 

When correcting offset only, the offset error is measured 
once and a correction coefficient is created. During the full 
calibration, the offset error is measured eight times, aver- 
aged, and a correction coefficient is created. After comple- 
tion of either calibration mode, the offset correction coeffi- 
cient is stored in an internal offset correction register. 

The LM12L454/8’s overall linearity correction is achieved 
by correcting the Internal DAC’s capacitor mismatch. Each 
capacitor is compared eight times against all remaining 
smaller value capacitors and any errors are averaged. A 
correction coefficient is then created and stored in one of 
the thirteen internal linearity correction registers. An internal 
state machine, using patterns stored in an internal 1 6 x 8-bit 
ROM, executes each calibration algorithm. 

Once calibrated, an internal arithmetic logic unit (ALU) uses 
the offset correction coefficient and the 1 3 linearity correc- 
tion coefficients to reduce the conversion’s offset error and 
linearity error, in the background, during the 12-bit + sign 
conversion. The 8-bit + sign conversion and comparison 
modes use only the offset coefficient. The 8-bit + sign 
mode performs a conversion in less than half the time used 
by the 12-bit + sign conversion mode. 


The LM12L454/8’s “watchdog” mode Is used to monitor a 
single-ended or differential signal’s amplitude. Each sam- 
pled signal has two limits. An Interrupt can be generated if 
the input signal is above or below either of the two limits. 
This allows interrupts to be generated when analog voltage 
inputs are “inside the window” or, alternatively, “outside the 
window”. After a “watchdog” mode interrupt, the processor 
can then request a conversion on the input signal and read 
the signal’s magnitude. 

The analog input multiplexer can be configured for any com- 
bination of single-ended or fully differential operation. Each 
input is referenced to ground when a multiplexer channel 
operates in the single-ended mode. Fully differential analog 
input channels are formed by pairing any two channels to- 
gether. 

The LM12L454’s multiplexer outputs and S/H Inputs 
(MUXOUT+, MUXOUT- and S/H IN + , S/H IN-) provide 
the option for additional analog signal processing. Fixed- 
gain amplifiers, programmable-gain amplifiers, filters, and 
other processing circuits can operate on the signal applied 
to the selected multiplexer channel(s). If external process- 
ing is not used, connect MUXOUT + to S/H IN+ and MUX- 
OUT- to S/H IN-. 

The LM12L454/8’s internal S/H is designed to operate at 
its minimum acquisition time (1.5 jjls, 12 bits) when the 
source impedance, Rs, is ^ 80n (fcLK ^ 6 MHz). When 
80ft < Rs ^ 5.56 kft, the internal S/H’s acquisition time 
can be increased to a maximum of 6.5 jas (12 bits, fcLK == 
6 MHz). See Section 2.1 (Instruction RAM “00”) Bits 12-15 
for more information. 

Microprocessor overhead Is reduced through the use of the 
internal conversion FIFO. Thirty-two consecutive conver- 
sions can be completed and stored in the FIFO without any 
microprocessor intervention. The microprocessor can, at 
any time, interrogate the FIFO and retrieve its contents. It 
can also wait for the LM12L454/8 to issue an interrupt 
when the FIFO is full or after any number (^32) of conver- 
sions have been stored. 

Conversion sequencing, internal timer interval, multiplexer 
configuration, and many other operations are programmed 
and set in the Instruction RAM. 

A diagnostic mode is available that allows verification of the 
LM12L458’s operation. The diagnostic mode is disabled in 
the LM12L454. This mode internally connects the voltages 
present at the Vref+. Vref-. and GND pins to the internal 
V|N+ and V|N_ S/H inputs. This mode is activated by set- 
ting the Diagnostic bit (Bit 1 1) in the Configuration register to 
a “1”. More Information concerning this mode of operation 
can be found in Section 2.2. 
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2.0 Internal User-Programmable Registers 


2.1 INSTRUCTION RAM 

The instruction RAM holds up to eight sequentially execut- 
able Instructions. Each 48-bit long instruction is divided into 
three 16-blt sections. READ and WRITE operations can be 
issued to each 16-blt section using the instruction’s address 
and the 2-bit “RAM pointer” in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111 (A4-A1, BW = 0) when using a 16-bit wide 
data bus or at addresses 00000 through 01111 (A4-A0, 
BW = 1 ) when using an 8-bit wide data bus. They can be 
accessed and programmed in random order. 

Any Instruction RAM READ or WRITE can affect the se- 
quencer’s operation: 

The Sequencer should be stopped by setting the RESET 
bit to a “1” or by resetting the START bit in the Configu- 
ration Register and waiting for the current instruction to 
finish execution before any Instruction RAM READ or 
WRITE Is initiated. 

A soft RESET should be issued by writing a “1” to the 
Configuration Register’s RESET bit after any READ or 
WRITE to the Instruction RAM. 

The three sections in the Instruction RAM are selected by 
the Configuration Register’s 2-bit “RAM Pointer”, bits D8 
and D9. The first 16-bit Instruction RAM section is selected 
with the RAM Pointer equal to “00”. This section provides 
multiplexer channel selection, as well as resolution, acquisi- 
tion time, etc. The second 16-bit section holds “watchdog” 
limit # 1 , its sign, and an indicator that shows that an inter- 
rupt can be generated if the input signal Is greater or less 
than the programmed limit. The third 16-bit section holds 
“watchdog” limit #2, its sign, and an indicator that shows 
that an interrupt can be generated if the input signal is great- 
er or less than the programmed limit. 

Instruction RAM “00” 

Bit 0 is the LOOP bit. It indicates the last instruction to be 
executed in any instruction sequence when it is set to a “1”. 
The next instruction to be executed will be instruction 0. 

Bit 1 is the PAUSE bit. This controls the Sequencer’s opera- 
tion. When the PAUSE bit is set (“1”), the Sequencer will 
stop after reading the current Instruction, but before execut- 
ing it and the start bit, in the Configuration register, is auto- 
matically reset to a “0”. Setting the PAUSE also causes an 
interrupt to be issued. The Sequencer is restarted by placing 
a “1” in the Configuration register’s Bit 0 (Start bit). 

After the Instruction RAM has been programmed and the 
RESET bit is set to “1”, the Sequencer retrieves Instruction 
000, decodes it, and waits for a “1” to be placed in the 
Configuration’s START bit. The START bit value of “0” 
“overrides” the action of Instruction OOO’s PAUSE bit when 
the Sequencer is started. Once started, the Sequencer exe- 
cutes Instruction 000 and retrieves, decodes, and executes 
each of the remaining instructions. No PAUSE Interrupt (INT 
5) is generated the first time the Sequencer executes In- 
struction 000 having a PAUSE bit set to “1”. When the Se- 
quencer encounters a LOOP bit or completes all eight in- 


structions, Instruction 000 is retrieved and decoded. A set 
PAUSE bit In Instruction 000 now halts the Sequencer be- 
fore the instruction is executed. 

Bits 2-4 select which of the eight input channels (“000” to 
“111” for IN0-IN7) will be configured as non-inverting In- 
puts to the LM12L458’s ADC. (See Page 22, Table I.) They 
select which of the four input channels (“000” to “011” for 
IN0~IN4) will be configured as non-inverting inputs to the 
LM12L454’s ADC. (See Page 22, Table II.) 

Bits 5-7 select which of the seven input channels (“001 ” to 
“1 11” for INI to IN7) will be configured as Inverting inputs to 
the LM12L458’s ADC. (See Page 22, Table I.) They select 
which of the three input channels (“001” to “011” for IN1- 
IN4) will be configured as Inverting inputs to the 
LM12L454’s ADC. (See Page 22, Table II.) Fully differential 
operation is created by selecting two multiplexer channels, 
one operating in the non-inverting mode and the other oper- 
ating in the inverting mode. A code of “000” selects ground 
as the inverting input for single ended operation. 

Bit 8 is the SYNC bit. Setting Bit 8 to “1” causes the Se- 
quencer to suspend operation at the end of the Internal 
S/H’s acquisition cycle and to wait until a rising edge ap- 
pears at the SYNC pin. When a rising edge appears, the 
S/H acquires the input signal magnitude and the ADC per- 
forms a conversion on the clock’s next rising edge. When 
the SYNC pin is used as an input, the Configuration regis- 
ter’s “I/O Select” bit (Bit 7) must be set to a “0”. With 
SYNC configured as an input. It is possible to synchronize 
the start of a conversion to an external event. This is useful 
in applications such as digital signal processing (DSP) 
where the exact timing of conversions is important. 

When the LM12L454/8 are used in the “watchdog” mode 
with external synchronization, two rising edges on the SYNC 
input are required to Initiate two comparisons. The first rising 
edge initiates the comparison of the selected analog input 
signal with Limit #1 (found in Instruction RAM “01”) and the 
second rising edge Initiates the comparison of the same 
analog input signal with Limit #2 (found in Instruction RAM 
“ 10 ”). 

Bit 9 is the TIMER bit. When Bit 9 is set to “1”, the Se- 
quencer will halt until the internal 1 6-bit Timer counts down 
to zero. During this time interval, no “watchdog” compari- 
sons or analog-to-digital conversions will be performed. 

Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to “1” selects 8-bit + sign and when reset to “0” selects 
12-bit + sign. 

Bit 11 is the “watchdog” comparison mode enable bit. 
When operating In the “watchdog” comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored In Limit #1 and Limit #2 (see Instruc- 
tion RAM “01” and Instruction RAM “10”). Setting Bit 11 to 
“1” causes two comparisons of the selected analog Input 
signal with the two stored limits. When Bit 1 1 is reset to “0”, 
an 8-bit + sign or 12-bit + sign (depending on the state of 
Bit 10 of Instruction RAM “00”) conversion of the input sig- 
nal can take place. 
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A4 A3 A2 A1 

Purpose 

Type 

D15 D14 D13 

D12 

Dll 

DIO 

D9 

D8 

D7 

D6 

~ D5 

D4 

D3 

D2 

D1 

DO 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 00) 

R/W 

Acquisition 

Time 

Watch- 

dog 

8/12 

Timer 

Sync 

V|N- 

(MUXOUT-)* 

V|N + 

(MUXOUT+)* 

Pause 

Loop 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 01) 

R/W 

Don’t Care 

>/< 

Sign 

Limit #1 

0 0 0 

0 to 

1 1 1 

Instruction RAM 
(RAM Pointer = 10) 

R/W 

Don’t Care 

>/< 

Sign 

Limit #2 

10 0 0 

Configuration 

Register 

R/W 

Don’t Care 

DIAGt 

Test 

= 0 

RAM 

Pointer 

I/O 

Sel 

Auto 

Zeroec 

Chan 

Mask 

Stand- 

by 

Full 

CAL 

Auto- 

Zero 

Reset 

Start 

10 0 1 

Interrupt Enable 
Register 

R/W 

Number of Conversions 

in Conversion FIFO 

to Generate INT2 

Sequencer 
Address to 

Generate INTI 

INT7 

Don’t 

Care 

INT5 

INT4 

INT3 

INT2 

INTI 

INTO 

10 10 

Interrupt Status 
Register 

R 

Actual Number of 

Conversion Results 

in Conversion FIFO 

Address 

of 

Sequencer 

Instruction 

being 

Executed 

INST7 

“0” 

INST5 

INST4 

INST3 

INST2 

INST1 

INSTO 

10 11 

Timer 

Register 

R/W 

Timer Preset High Byte 

Timer Preset Low Byte 

110 0 

Conversion 

FIFO 

R 

Address 
or Sign 

Sign 

Conversion 

Data: MSBs 

Conversion Data: LSBs 

110 1 

Limit Status 
Register 

R 

Limit #2: Status 

Limit # 1 : Status 


♦LM12L454 (Refer to Table II). 

tLM12L458 only. Must be set to “0" for the LM12L454. 


FIGURE 9. LM12L454/8 Memory Map for 16-Bit Wide Databus (BW = “O’S Test Bit = and AO = Don’t Care) 
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A4 A3 A2 A1 AO 

Purpose 

Type 

D7 D6 D5 

D4 D3 D2 

D1 

DO 

0 0 0 

0 ; to 0 

1 1 1 

Instruction RAM 
(RAM Pointer = 00) 

R/W 

V|N- 

(MUXOUT-)* 

V|N + 

(MUXOUT+)’^ ; 

Pause 

Loop 

0 0 0 

0 to 1 

1 1 1 

R/W 

Acquisition Time 

Watch- 

dog 

8/12 

Timer 

Sync 

0 0 0 

0 to 0 

1 1 1 

Instruction RAM 
(RAM Pointer = 01) 

R/W 

Comparison Limit #1 

0 0 0 

0 to 1 

11 1 

R/W 

Don’t Care 

>/< 

Sign 

0 0 0 

0 to 0 

,1 1 1 

Instruction RAM 
(RAM Pointer = 10) 


Comparison Limit #2 

. 0 0 0 

0 to 1 

1 1 1 

R/W 

Don’t Care 


Sign 

1 0 0 0 0 

Configuration 

Register 





BH 




Start 

1 0 0 0 1 


Don’t Care 



RAM Pointer 

1 0 0 1 0 

Interrupt Enable 
Register 

R/W 

INT7 

Don’t 

Care 

INT5 

INT4 

INT3 

INT2 

INTI 

INTO 

10 0 11 

R/W 

Number of Conversions in Conversion 
FIFO to Generate INT2 

Sequencer Address to. 
Generate INTI 

10 10 0 

Interrupt Status 
Register 

R 

INST7 

“0” 

INST5 

INST4 

INST3 

INST2 

INST1 

INSTO 

10 10 1 

R 

Actual Number of Conversions Results 
in Conversion FIFO 

Address of Sequencer 
Instruction 
being Executed 

10 110 

Timer 

Register 

R/W 

Timer Preset: Low Byte 

10 111 

R/W 

Timer Preset: High Byte 

110 0 0 

Conversion 

FIFO 

R 

Conversion Data: LSBs 

110 0 1 

R 

Address or Sign 

Sign 

Conversion Data: MSBs 

110 10 

Limit Status 
Register 

R 

Limit # 1 Status 

110 11 

R 

Limit #2 Status 


•LM12L454 (Refer to Table II). 

tLM12L458 only. Must be set to "0” for the LM12L454. 


FIGURE 10. LM12L454/8 Memory Map for 8-Bit Wide Databus (BW = “1” and Test Bit = “0”) 
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2.0 Internal User-Programmable Registers (Continued) 


Bits 12-15 are used to store the user-programmable acqui- 
sition time. The Sequencer keeps the internal S/H in the 
acquisition, mode for a fixed number of clock cycles (nine 
clock cycles, for 1 2-blt -f sign conversions and two clock 
cycles for 8-bit + sign conversions or “watchdog” compari- 
sons) plus a variable number of clock cycles equal to twice 
the value stored in Bits 12-15. Thus, the S/H’s acquisition 
time is (9 + 2D) clock cycles for 12-bit + sign conversions 
and (2 + 2D) clock cycles for 8-bit + sign conversions or 
“watchdog” comparisons, where D is the value stored in 
Bits 12-15. The minimum acquisition time compensates for 
the typical internal multiplexer series resistance of 2 kn, 
and any additional delay created by Bits 12-15 compen- 
sates for source resistances greater than 80fl. (For this ac- 
quisition time discussion, numbers in ( ) are shown for the 
LM12L454/8 operating at 6 MHz. The necessary acquisition 
time is determined by the source impedance at the multi- 
plexer input. If the source resistance (Rs) < 80fl and the 
clock frequency is 6 MHz, the value stored in bits 12-1 5 (D) 
can be 0000. If Rs > 80ft, the following equations deter- 
mine the value that should be stored in bits 12-15. 

D = 0.45 X Rs X fcLK 

for 1 2-bits + sign 

D = 0.36 X Rs X fcLK 
for 8-bits + sign and “watchdog” 

Rs is in kft and fcLK 'S in MHz. Round the result to the next 
higher integer value. If D Is greater than 1 5, it is advisable to 
lower the source impedance by using an analog buffer be- 
tween the signal source and the LM12L458’s multiplexer 
inputs. The value of D can also be used to compensate for 
the settling or response time of external processing circuits 
connected between the LM12L454’s MUXOUT and S/H IN 
pins. 

Instruction RAM “01” 

The second Instruction RAM section is selected by placing 
a “01” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #1. When Bit 1 1 of Instruc- 
tion RAM “00” is set to a “1”, the LM12L454/8 performs a 
“watchdog” comparison of the sampled analog input signal 
with the limit #1 value first, followed by a comparison of the 
same sampled analog input signal with the value found in 
limit #2 (Instruction RAM “10”). 

Bit 8 holds limit # 1 ’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 
limit #1 to generate an interrupt, while a “0” causes a volt- 
age less than limit # 1 to generate an interrupt. 

Bits 10-15 are not used. 

Instruction RAM “10” 

The third Instruction RAM section is selected by placing a 
“10” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #2. When Bit 1 1 of Instruc- 
tion RAM “00” is set to a “1”, the LM12L454/8 performs a 
“watchdog” comparison of the sampled analog input signal 
with the limit #1 value first (Instruction RAM “01”), followed 
by a comparison of the same sampled analog input signal 
with the value found in limit #2. 

Bit 8 holds limit #2’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 


limit #2 to generate an interrupt, while a “0” causes a volt- 
age less than limit #2 to generate an interrupt. 

Bits 10-15 are not used. 

2.2 CONFIGURATION REGISTER 

The Configuration register, 1000 (A4-A1, BW = 0) or 
lOOOx (A4-A0, BW = 1) is a 16-bit control register with 
read/write capability. It acts as the LM12L454’s and 
LM12L458’s “control panel” holding global Information as 
well as start/ stop, reset, self-calibration, and stand-by com- 
mands. 

Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer’s status. A “0” indicates that the 
Sequencer is stopped and waiting to execute the next In- 
struction. A “1” shows that the Sequencer is running. Writ- 
ing a “0” halts the Sequencer when the current instruction 
has finished execution. The next instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. A “1” restarts the Sequencer with the instruction 
currently pointed to by the Instruction pointer. (See Bits 8- 
10 in the Interrupt Status register.) 

Bit 1 is the LM12L454/8’s system RESET bit. Writing a “1” 
to Bit 1 stops the Sequencer (resetting the Configuration 
register's START/STOP bit), resets the Instruction pointer 
to “000” (found in the Interrupt Status register), clears the 
Conversion FIFO, and resets all interrupt flags. The RESET 
bit will return to “0” after two clock cycles unless It is forced 
high by writing a “1 ” into the Configuration register’s Stand- 
by bit. A reset signal is internally generated when power is 
first applied to the part. No operation should be started until 
the RESET bit is “0”. 

Writing a “1” to Bit 2 initiates an auto-zero offset voltage 
calibration. Unlike the eight-sample auto-zero calibration 
performed during the full calibration procedure. Bit 2 initi- 
ates a “short” auto-zero by sampling the offset once and 
creating a correction coefficient (full calibration averages 
eight samples of the converter offset voltage when creating 
a correction coefficient). If the Sequencer Is running when 
Bit 2 is set to “1”, an auto-zero starts immediately after the 
conclusion of the currently running Instruction. Bit 2 is reset 
automatically to a “0” and an interrupt flag (Bit 3, In the 
Interrupt Status register) is set at the end of the auto-zero 
(76 clock cycles). After completion of an auto-zero calibra- 
tion, the Sequencer fetches the next instruction as pointed 
to by the Instruction RAM’s pointer and resumes execution. 
If the Sequencer is stopped, an auto-zero is performed im- 
mediately at the time requested. 

Writing a “1” to Bit 3 initiates a complete calibration pro- 
cess that includes a “long” auto-zero offset voltage correc- 
tion (this calibration averages eight samples of the compar- 
ator offset voltage when creating a correction coefficient) 
followed by an ADC linearity calibration. This complete cali- 
bration is started after the currently running instruction is 
completed if the Sequencer is running when Bit 3 is set to 
“1 ”. Bit 3 is reset automatically to a “0” and an interrupt flag 
(Bit 4, in the Interrupt Status register) will be generated at 
the end of the calibration procedure (4944 clock cycles). 
After completion of a full auto-zero and linearity calibration, 
the Sequencer fetches the next instruction as pointed to by 
the Instruction RAM’s pointer and resumes execution. If the 
Sequencer is stopped, a full calibration is performed imme- 
diately at the time requested. 
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2.0 internal User-Programmable Registers (Continued) 


Bit 4 is the Standby bit. Writing a “1” to Bit 4 immediately 
places the LM12L454/8 in Standby mode. Normal operation 
returns when Bit 4 is reset to a “0”. The Standby command 
(“1”) disconnects the external clock from the internal cir- 
cuitry, decreases the LM12L454/8’s internal analog circuitry 
power supply current, and preserves all internal RAM con- 
tents. After writing a “0” to the Standby bit, the 
LM12L454/8 returns to an operating state identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up completion delay that 
allows the analog circuitry to settle. The Sequencer should 
be restarted only after the Standby completion Is issued. 
The Instruction RAM can still be accessed through read and 
write operations while the LM12L454/8 are in Standby 
Mode. 

Bit 5 is the Channel Address Mask. If Bit 5 is set to a “1”, 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a “0” 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 

Bit 6 Is used to select a “short” auto-zero correction for 
every conversion. The Sequencer automatically inserts an 
auto-zero before every conversion or “watchdog” compari- 
son if Bit 6 is set to “1”. No automatic correction will be 
performed if Bit 6 is reset to “0”. 

The LM12L454/8’s offset voltage, after calibration, has a 
typical drift of 0.1 LSB over a temperature range of -40‘’C 
to +85°C. This small drift is less than the variability of the 
change in offset that can occur when using the auto-zero 
correction with each conversion. This variability is the result 
of using only one sample of the offset voltage to create a 
correction value. This variability decreases when using the 
full calibration mode because eight samples of the offset 
voltage are taken, averaged, and used to create a correc- 
tion value. 

Bit 7 is used to program the SYNC pin (29) to operate as 
either an input or an output. The SYNC pin becomes an 
output when Bit 7 is a “1” and an input when Bit 7 is a “0”. 
With SYNC programmed as an input, the rising edge of any 
logic signal applied to pin 29 wiir start a conversion or 
“watchdog” comparison. Programmed as an output, the 
logic level at pin 29 will go high at the start of a conversion 
or “watchdog” comparison and remain high until either 
have finished. See Instruction RAM “00”, Bit 8. 

Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction’s three 16-bit sections during 
read or write actions. A “00” selects Instruction RAM sec- 
tion one, “01” selects section two, and “10” selects section 
three. 

Bit 10 activates the Test mode that is used only during pro- 
duction testing. Leave this bit reset to “0”. 

Bit 11 is the Diagnostic bit and is available only in the 
LM12L458. It can be activated by setting it to a “1” (the 
Test bit must be reset to a “0”). The Diagnostic mode, 
along with a correctly chosen instruction, allows verification 
that the LM12L458’s ADC Is performing correctly. When ac- 
tivated, the inverting and non-inverting inputs are connected 
as shown In Table I. As an example, an instruction with 
“001” for both V|n-i- and V|n_ while using the Diagnostic 
mode typically results in a full-scale output. 


2.3 INTERRUPTS 

The LM12L454 and LM12L458 have eight possible inter- 
rupts, all with the same priority. Any of these interrupts will 
cause a hardware interrupt to appear on the INT pin (31) if 
they are not masked (by the Interrupt Enable register). The 
Interrupt Status register is then read to determine which of 
the eight interrupts has been issued. 


TABLE I. LM12L458 Input Multiplexer 
Channel Configuration Showing Normal 
Mode and Diagnostic Mode 


Channel 

Normal 

Diagnostic 

Selection 

Mode 

Mode 

Data 

V|N+ 

V|N- 

V|N + 

V|N- 

000 

INO 

GND 

001 

INI 

INI 

Vref+ 

Vref- 

010 

IN2 

IN2 

IN2 

IN2 

oil 

IN3 

IN3 

IN3 

IN3 

100 

IN4 

IN4 

IN4 

IN4 

101 

IN5 

IN5 

IN5 

IN5 

110 

IN6 

IN6 

IN6 

IN6 

111 

IN7 

IN7 

IN7 

IN7 


TABLE II. LM12L454 Input Multiplexer 
Channel Configuration 


Channel 

Selection 

MUX + 

MUX- 

Data 



000 

INO 

GND 

001 

INI 

INI 

010 

. IN2 

IN2 

oil 

IN3 

IN3 

1XX 

OPEN 

OPEN 


The Interrupt Status register, 1010 (A4-A1, BW = 0) or 
lOlOx (A4-A0, BW = 1) must be cleared by reading it after 
writing to the Interrupt Enable register. This removes any 
spurious interrupts on the INT pin generated during an Inter- 
rupt Enable register access. 

Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12L454/8 are operating in the “watchdog” comparison 
mode. Two sequential comparisons are made when the 
LM12L454/8 are executing a “watchdog” instruction. De- 
pending on the logic state of Bit 9 in the Instruction RAM’s 
second and third sections, an interrupt will be generated 
either when the input signal’s magnitude is greater than or 
less than the programmable limits. (See the Instruction 
RAM, Bit 9 description.) The Limit Status register will indi- 
cate which preprogrammed limit, #1 or #2 and which in- 
struction was executing when the limit was crossed. 
Interrupt 1 is generated when the Sequencer reaches the 
instruction counter value specified in the Interrupt Enable 
register’s bits 8-10. This flag appears before the instruc- 
tion’s execution. 

Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 
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stored in the Interrupt Enable register’s Bits 11-15. This 
value ranges from 0001 to 1111, representing 1 to 31 con- 
versions stored in the FIFO. A user-programmed value of 
0000 has no meaning. See Section 3.0 for more FIFO Infor- 
mation. 

The completion of the short, single-sampled auto-zero cali- 
bration generates Interrupt 3. 

The completion of a full auto-zero and linearity self-calibra- 
tion generates Interrupt 4. 

Interrupt 5 is generated when the Sequencer encounters 
an instruction that has its Pause bit (Bit 1 in Instruction RAM 
“00”) set to “1”. 

Interrupt 7 is issued after a short delay (1 0 ms typ) while 
the LM12L454/8 returns from Standby mode to active oper- 
ation using the Configuration register’s Bit 4. This short de- 
lay allows the internal analog circuitry to settle sufficiently, 
ensuring accurate conversion results. 

2.4 INTERRUPT ENABLE REGISTER 

The Interrupt Enable register at address location 1001 
(A4-A1, BW = 0) or lOOIx (A4-A0, BW = 1) has READ/ 
WRITE capability. An individual interrupt’s ability to produce 
an external interrupt at pin 31 (TnT) is accomplished by plac- 
ing a “1” in the appropriate bit location. Any of the internal 
interrupt-producing operations will set their corresponding 
bits to “1” in the Interrupt Status register regardless of the 
state of the associated bit in the Interrupt Enable register. 
See Section 2.3 for more information about each of the 
eight Internal Interrupts. 

Bit 0 enables an external interrupt when an internal “watch- 
dog” comparison limit Interrupt has taken place. 

Bit 1 enables an external interrupt when the Sequencer has 
reached the address stored In Bits 8-10 of the Interrupt 
Enable register. 

Bit 2 enables an external Interrupt when the Conversion 
FIFO’s limit, stored in Bits 11-15 of the Interrupt Enable 
register, has been reached. 

Bit 3 enables an external interrupt when the single-sampled 
auto-zero calibration has been completed. 

Bit 4 enables an external interrupt when a full auto-zero and 
linearity self-calibration has been completed. 

Bit 5 enables an external interrupt when an internal Pause 
interrupt has been generated. 

Bit 6 is a “Don’t Care”. 

Bit 7 enables an external interrupt when the LM12L454/8 
return from power-down to active mode. 

Bits 8-10 form the storage location of the user-programma- 
ble value against which the Sequencer’s address is com- 
pared. When the Sequencer reaches an address that is 
equal to the value stored in Bits 8-10, an internal interrupt 
is generated and appears in Bit 1 of the Interrupt Status 
register. If Bit 1 of the Interrupt Enable register is set to “1”, 
an external interrupt will appear at pin 31 (INT). 

The value stored in bits 8-10 ranges from 000 to 1 1 1, rep- 
resenting 0 to 7 instructions stored in the Instruction RAM. 
After the Instruction RAM has been programmed and the 
RESET bit is set to “1 ”, the Sequencer is started by placing 
a “1” in the Configuration register’s START bit. Setting the 


INT 1 trigger value to 000 does not generate an INT 1 the 
first time the Sequencer retrieves and decodes Instruction 
000. The Sequencer generates INT 1 (by placing a “1” in 
the Interrupt Status register’s Bit 1) the second time and 
after the Sequencer encounters Instruction 000. It is impor- 
tant to remember that the Sequencer continues to operate 
even if an Instruction interrupt (INT 1) is internally or exter- 
nally generated. The only mechanisms that stop the Se- 
quencer are an instruction with the PAUSE bit set to “1” 
(halts before instruction execution), placing a “0” in the 
Configuration register’s START bit, or placing a “1” in the 
Configuration register’s RESET bit. 

Bits 11-15 hold the number of conversions that must be 
stored in the Conversion FIFO in order to generate an inter- 
nal Interrupt. This internal interrupt appears in Bit 2 of the 
Interrupt Status register. If Bit 2 of the Interrupt Enable reg- 
ister is set to “1”, an external interrupt will appear at pin 31 
(INT). 

2.5 INTERRUPT STATUS REGISTER 

This read-only register is located at address 1010 (A4-A1, 
BW = 0) or 101 Ox (A4-A0, BW = 1). The corresponding 
flag in the Interrupt Status register goes high (“1”) any time 
that an interrupt condition takes place, whether an interrupt 
is enabled or disabled in the Interrupt Enable register. Any 
of the active (“1 ”) Interrupt Status register flags are reset to 
“0” whenever this register is read or a device reset is Issued 
(see Bit 1 in the Configuration Register). 

Bit 0 Is set to “1” when a “watchdog” comparison limit 
interrupt has taken place. 

Bit 1 is set to “1” when the Sequencer has reached the 
address stored in Bits 8-10 of the Interrupt Enable register. 
Bit 2 is set to “1” when the Conversion FIFO’s limit, stored 
in Bits 11-15 of the Interrupt Enable register, has been 
reached. 

Bit 3 is set to “1” when the single-sampled auto-zero has 
been completed. 

Bit 4 is set to “1” when an auto-zero and full linearity self- 
calibration has been completed. 

Bit 5 is set to “1 ” when a Pause interrupt has been generat- 
ed. 

Bit 6 is a “Don’t Care”. 

Bit 7 Is set to “1 ” when the LM12L454/8 return from power- 
down to active mode. 

Bits 8-10 hold the Sequencer’s actual instruction address 
while it is running. 

Bits 11-15 hold the actual number of conversions stored in 
the Conversion FIFO while the Sequencer is running. 

2.6 LiMiT STATUS REGISTER 

The read-only register is located at address 1101 (A4-A1, 
BW = 0) or 1101 X (A4-A0, BW = 1). This register is used 
in tandem with the Limit #1 and Limit #2 registers in the 
Instruction RAM. Whenever a given instruction’s input volt- 
age exceeds the limit set in its corresponding Limit register 
(#1 or #2), a bit, corresponding to the instruction number, 
is set in the Limit Status register. Any of the active (“1”) 
Limit Status flags are reset to “0” whenever this register is 
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read or a device reset is issued (see Bit 1 in the Configura- 
tion register). This register holds the status of limits # 1 and 
#2 for each of the eight instructions. 

Bits 0-7 show the Limit # 1 status. Each bit will be set high 
(“1”) when the corresponding instruction’s input voltage ex- 
ceeds the threshold stored in the instruction’s Limit #1 reg- 
ister. When, for example, instruction 3 is a “watchdog” op- 
eration (Bit 11 is set high) and the input for instruction 3 
meets the magnitude and/or polarity data stored in instruc- 
tion 3’s Limit #1 register. Bit 3 in the Limit Status register 
will be set to a “1”. 

Bits 8-15 show the Limit #2 status. Each bit will be set 
high (“1”) when the corresponding instruction’s input volt- 
age exceeds the threshold stored in the instruction’s Limit 
#2 register. When, for example, the input to instruction 6 
meets the value stored in instruction 6’s Limit #2 register, 
Bit 14 in the Limit Status register will be set to a “1”. 

2.7 TIMER 

The LM12L454/8 have an on-board 16-bit timer that in- 
cludes a 5-bit pre-scaler. It uses the clock signal applied to 
pin 23 as its input. It can generate time intervals of 0 
through 221 clock cycles in steps of 2^. This time interval 
can be used to delay the execution of instructions. It can 
also be used to slow the conversion rate when converting 
slowly changing signals. This can reduce the amount of re- 
dundant data stored in the FIFO and retrieved by the con- 
troller. 

The user-defined timing value used by the Timer is stored in 
the 16-bit READ/WRITE Timer register at location 1011 
(A4-A1, BW = 0) or lOllx (A4-A0, BW = 1) and is pre- 
loaded automatically. Bits 0-7 hold the preset value’s low 
byte and Bits 8-15 hold the high byte. The Timer is activat- 
ed by the Sequencer only if the current instruction’s Bit 9 is 
set (“1”). If the equivalent decimal value “N” 
(0 ^ N ^ 216 - 1) is written inside the 16-blt Timer register 
and the Timer is enabled by setting an instruction’s bit 9 to a 
“1”, the Sequencer will delay the same instruction’s execu- 
tion by halting at state 3 (S3), as shown in Figure 11, for 
32 X N + 2 clock cycles. 

2.8 DMA 

The DMA works in tandem with Interrupt 2. An active DMA 
Request on pin 32 (DMARQ) requires that the FIFO inter- 
rujDt be enabled. The voltage on the DMARQ pin goes high 
when the number of conversions in the FIFO equals the 
5-bit value stored in the Interrupt Enable register (bits Il- 
ls). The voltage on the IRT pin goes low at the same time 
as the voltage on the DMARQ pin goes high. The voltage on 
the DMARQ pin goes low when the FIFO is emptied. The 
Interrupt Status register must be read to clear the FIFO in- 
terrupt flag in order to enable the next DMA request. 

DMA operation is optimized through the use of the 16-bit 
databus connection (a logic “0” applied to the BW pin). Us- 
ing this bus width allows DMA controllers that have single 
address Read/Write capability to easily unload the FIFO. 
Using DMA on an 8-bit databus is more difficult. Two read 
operations (low byte, high byte) are needed to retrieve each 


conversion result from the FIFO. Therefore, the DMA con- 
troller must be able to repeatedly access two constant ad- 
dresses when transferring data from the LM12L454/8 to the 
host system. 

3.0 FIFO 

The result of each conversion stored in an internal read-only 
FIFO (First-In, First-Out) register. It is located at 1100 (A4- 
A1, BW = 0) or 1 lOOx (A4-A0, BW =1). This register has 
32 16-bit wide locations. Each location holds 13-bit data. 
Bits 0-3 hold the four LSB’s in the 12 bits + sign mode or 
“1 110” in the 8 bits + sign mode. Bits 4-1 1 hold the eight 
MSB’s and Bit 12 holds the sign bit. Bits 13-15 can hold 
either the sign bit, extending the register’s two’s comple- 
ment data format to a full sixteen bits or the instruction ad- 
dress that generated the conversion and the resulting data. 
These modes are selected according to the logic state of 
the Configuration register’s Bit 5. 

The FIFO status should be read in the Interrupt Status regis- 
ter (Bits 1 1 -15) to determine the number of conversion re- 
sults that are held in the FIFO before retrieving them. This 
will help prevent conversion data corruption that may take 
place if the number of reads are greater than the number of 
conversion results contained in the FIFO. Trying to read the 
FIFO when it is empty may corrupt new data being written 
into the FIFO. Writing more than 32 conversipn data into the 
FIFO by the ADC results in loss of the first conversion data. 
Therefore, to prevent data loss, it is recommended that the 
LM12L454/8’s interrupt capability be used to inform the 
system controller that the FIFO is full. 

The lower portion (AO = 0) of the data word (Bits 0-7) 
should be read first followed by a read of the upper portion 
(AO = 1) when using the 8-bit bus width (BW =1). Reading 
the upper portion first causes the data to shift down, which 
results in loss of the lower byte. 

Bits 0-12 hold 12-bit + sign conversion data. Bits 0-3 will 
be 1110 (LSB) when using 8-bit plus sign resolution. 

Bits 13-15 hold either the, instruction responsible for the 
associated conversion data or the sign bit. Either mode Is 
selected with Bit 5 in the Configuration register. 

Using the FIFO’s full depth is achieved as follows. Set the 
value of the Interrupt Enable registers’s Bits 11-15 to 1111 
and the Interrupt Enable register’s Bit 2 to a “1”. This gen- 
erates an external interrupt when the 31st conversion is 
stored in the FIFO. This gives the host processor a chance 
to send a “0” to the LM12L454/8’s Start bit (Configuration 
register) and halt the ADC before it completes the 32nd 
conversion. The Sequencer halts after the current (32) con- 
version is completed. The conversion data is then trans- 
ferred to the FIFO and occupies the 32nd location. FIFO 
overflow is avoided if the Sequencer is halted before the 
start of the 32nd conversion by placing a “0” in the Start bit 
(Configuration register). It is important to remember that the 
Sequencer continues to operate even if a FIFO interrupt 
(INT 2) is internally or externally generated. The only 
mechanisms that stop the Sequencer are an instruction with 
the PAUSE bit set to “1” (halts before instruction execu- 
tion), placing a “0” in the Configuration register’s START 
bit, or placing a “1” in the Configuration register’s RESET 
bit. 
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4.0 Sequencer 

The Sequencer uses a 3-bit counter (Instruction Pointer, or 
IP, in Figure 7) to retrieve the programmable conversion 
instructions stored in the Instruction RAM. The 3-bit counter 
is reset to 000 during chip reset or if the current executed 
instruction has its Loop bit (Bit 1 in any Instruction RAM 
“00”) set high (“1 ”). It increments at the end of the currently 
executed instruction and points to the next instruction. It will 
continue to increment up to 111 unless an instruction’s 
Loop bit is set. If this bit is set, the counter resets to “000” 
and execution begins again with the first instruction. If all 
instructions have their Loop bit reset to “0”, the Sequencer 
will execute all eight instructions continuously. Therefore, It 
Is important to realize that if less than eight instructions are 
programmed, the Loop bit on the last instruction must be 
set. Leaving this bit reset to “0” allows the Sequencer to 
execute “unprogrammed” instructions, the results of which 
may be unpredictable. 

The Sequencer’s Instruction Pointer value is readable at 
any time and is found in the Status register at Bits 8-10. 
The Sequencer can go through eight states during instruc- 
tion execution: 

State 0: The current instruction’s first 16 bits are read 
from the Instruction RAM “00”. This state is one clock cycle 
long. 

State 1: Checks the state of the Calibration and Start bits. 
This is the “rest” state whenever the Sequencer is stopped 
using the reset, a Pause command, or the Start bit is reset 
low (“0”). When the Start bit is set to a “1”, this state is one 
clock cycle long. 

State 2: Perform calibration. If bit 2 or bit 6 of the Configu- 
ration register is set to a “1 ”, state 2 is 76 clock cycles long. 
If the Configuration register’s bit 3 is set to a “1”, state 2 Is 
4944 clock cycles long. 


State 3: Run the internal 16-bit Timer. The number of 
clock cycles for this state varies according to the value 
stored in the Timer register. The number of clock cycles is 
found by using the expression below 
32T + 2 

where 0 ^ T ^ 216 -1. 

State 7: Run the acquisition delay and read Limit #1’s 
value if needed. The number of clock cycles for 1 2-bit + 
sign mode varies according to 

9 + 2D 

where D is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM “00” and is limited to 0 ^ D ^ 
15 . 

The number of clock cycles for 8-bit + sign or “watchdog” 
mode varies according to 

2 + 2D 

where D is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM “00” and is limited to 0 ^ D ^ 
15 . 

State 6; Perform first comparison. This state is 5 clock 
cycles long. 

State 4: Read Limit #2. This state is 1 clock cycle long. 
State 5: Perform a conversion or second comparison. 
This state takes 44 clock cycles when using the 12-bit + 
sign mode or 21 clock cycles when using the 8-bit + sign 
mode. The “watchdog” mode takes 5 clock cycles. 
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4.0 Sequencer (Continued) 

RESET 
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FIGURE 11. 8«qu«nc«r Logic Flow Chart (IP = Instruction Pointer) 
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5.0 Analog Considerations 

5.1 REFERENCE VOLTAGE 

The difference in the voltages applied to the Vref+ snd 
Vref- defines the analog input voltage span (the differ- 
ence between the voltages applied between two multiplexer 
inputs or the voltage applied to one of the multiplexer inputs 
and analog ground), over which 4095 positive and 4096 
negative codes exist. The voltage sources driving Vref+ or 
Vref- fTiust have very low output impedance and noise. 
The circuit in Figure 12 is an example of a very stable refer- 
ence appropriate for use with the LM12L454/8. 

The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC’s 
reference voltage. When this voltage is the system power 
supply, the Vref+ pin is connected to Va+ and Vref- is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 
For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence inputs. Typically, the reference voltage’s magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 

5.2 INPUT RANGE 

The LM12L454/8’s fully differential ADC and reference volt- 
age inputs generate a two’s-complement output that is 
found by using the equation below. 

output code = ■ (4096) - Va (12-bit) 

VreF+ ~ Vref- 

output code = (256) - Va (8-bit) 

VreF+ “ Vref- 

Round up to the next integer value between -4096 to 4095 
for 12-bit resolution and between -256 to 255 for 8-bit res- 
olution if the result of the above equation is not a whole 
number. As an example, Vref+ = 2.5V, Vref- = IV, 
V|N+ = 1.5V and V|n- = GND. The 12-bit + sign output 
code is positive full-scale, or 0,1111,1111,1111. If Vref+ 
= 3.3V, Vref- = 1V, V|n+ = 3V, and V|n- = GND, the 
12-bit + sign output code is 0,1100,0000,0000. 


5.3 INPUT CURRENT 

A charging current flows into or out of (depending on the 
input voltage polarity) the analog input pins, IN0-IN7 at the 
start of the analog input acquisition time (tAco)- This cur- 
rent’s peak value will depend on the actual input voltage 
applied. 

5.4 INPUT SOURCE RESISTANCE 

For low impedance voltage sources (<80ft for 6 MHz oper- 
ation) the input charging current will decay, before the end 
of the S/H’s acquisition time, to a value that will not intro- 
duce any conversion errors. For higher source impedances, 
the S/H’s acquisition time can be increased. As an exam- 
ple, operating with a 6 MHz clock frequency and maximum 
acquisition time, the LM12L454/8’s analog inputs can han- 
dle source impedance as high as 5.56 kft. Refer to Section 
2.1, Instruction RAM “00”, Bits 12-15 for further informa- 
tion. 

5.5 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 jtiF-O.I jaF) can be connected be- 
tween the analog input pins, IN0-IN7, and analog ground to 
filter any noise caused by inductive pickup associated with 
long input leads. It will not degrade the conversion accura- 
cy. 

5.6 NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

5.7 POWER SUPPLIES 

Noise spikes on the Va+ and Vd+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. Low 
inductance tantalum capacitors of 10 juF or greater paral- 
leled with 0.1 jliF monolithic ceramic capacitors are recom- 



•Tantalum 

**Ceramic 
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FIGURE 12. Low Drift Extremely Stable Reference Circuit 
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5.0 Analog Considerations (Continued) 

mended for supply bypassing. Separate bypass capacitors 
should be used for the Va''' and Vd+ supplies and placed 
as close as possible to these pins. 

5.8 GROUNDING 

The LM12L454/8’s nominal high resolution performance 
can be maximized through proper grounding techniques. 
These include the use of separate analog and digital ground 
planes. The digital ground plane is placed under all compo- 
nents that handle digital signals, while the analog ground 
plane is placed under all analog signal handling circuitry. 
The digital and analog ground planes are connected at only 
one point, the power supply ground. This greatly reduces 
the occurrence of ground loops and noise. 

It is recommended that stray capacitance between the ana- 
log inputs or outputs (LM12L454: IN0-IN3, MUXOUT+, 
MUXOUT-, S/H IN-f, S/H IN-; LM12L458: IN0-IN7, 
Vref+. and Vref-) be reduced by Increasing the clear- 
ance (+yi6th inch) between the analog signal and refer- 
ence pins and the ground plane. 

5.9 CLOCK SIGNAL LINE ISOLATION 

The LM12L454/8’s performance is optimized by routing the 
analog input/output and reference signal conductors (pins 
34-44) as far as possible from the conductor that carries 
the clock signal to pin 23. Ground traces parallel to the 
clock signal trace can be used on printed circuit boards to 
reduce clock signal interference on the analog Input/output 
pins. 

6.0 Application Circuits 

6.1 PC EVALUATION/INTERFACE BOARD 

Figure 13 is the schematic of an evaluation/interface board 
designed to Interface the LM12(H)454 or LM12(H)458 with 
an XT or AT style computer. The LM12(H)454/8 is the 5V 
version of the Data Acquisition System. It is functionally 
equivalent to the LM12L454/8. See the LM12(H)454/8 da- 
tasheet for further information. The board can be used to 
develop both software and hardware for applications using 
the LM12L454/8. The board hardwires the BW (Bus Width) 
pin to a logic high, selecting an 8-bit wide databus. There- 
fore, it is designed for an 8-bit expansion slot on the com- 
puter’s motherboard. 

The circuit operates on a single + 6V supply derived from 
the computer’s +12V supply using an LM340 regulator. 
This greatly attenuates noise that may be present on the 
computer’s power supply lines. However, your application 
may only need an LC filter. 

Figure 13 also shows the recommended supply (Va+ and 
Vd+) and reference input (Vref+ and Vref-) bypassing. 
The digital and analog supply pins can be connected to- 
gether to the same supply voltage. However, they need sep- 
arate, multiple bypass capacitors. Multiple capacitors on the 
supply pins and the reference inputs ensures a low imped- 
ance bypass path over a wide frequency range. 

All digital interface control signals (lOR, lOW, and AEN), 
data lines (DB0-DB7), address lines (A0-A9), and IRQ (in- 
terrupt request) lines (IRQ2, IRQ3, and IRQ5) connections 
are made through the motherboard slot connector. Ail ana- 
log signals applied to, or received by, the input multiplexer 
(IN0-IN7 for the LM12(H)458 and IN0-IN3, MUXOUT+, 
MUXOUT-, S/H IN+ and S/H IN- for the LM12(H)454), 
Vref+i Vref-i Vrefout* snd the SYNC signal input/ 


output are applied through a DB-37 connector on the rear 
side of the board. Figure 13 shows that there are numerous 
analog ground connections available on the DB-37 connec- 
tor. 

The voltage applied to Vref- and Vref+ is selected using 
two jumpers, JP1 and JP2. JP1 selects between the voltage 
applied to the DB-37’s pin 24 or GND and applies it to the 
LM12(H)454/8’s Vref- input. JP2 selects between the 
LM12(H)454/8’s internal reference output, Vrefout. and 
the voltage applied to the DB-37’s pin 22 and applies it to 
the LM12(H)454/8’s Vref+ input. 


TABLE III. LM12(H)454/8 Evaluation/Interface 
Board SW DIP-8 Switch Settings 
for Availabie I/O Memory Locations 


Hexidecimal 
I/O Memory 
Base Address 

SW DIP-8 

SW1 

(SELO) 

SW2 

(SEL1) 

SW3 

(SEL2) 

SW4 

(SEL3) 

100 

ON 

ON 

ON 

ON 

120 

OFF 

ON 

ON 

ON 

140 

ON 

OFF 

ON 

ON 

160 

OFF 

OFF 

ON 

ON 

180 

ON 

ON 

OFF 

ON 

1A0 

OFF 

ON 

OFF 

ON 

ICO 

ON 

OFF 

OFF 

ON 

300 

OFF 

OFF 

OFF 

ON 

340 

ON 

ON 

ON 

OFF 

280 

OFF 

ON 

ON 

OFF 

2A0 

ON 

OFF 

ON 

OFF 


The board allows the use of one of three Interrupt Request 
(IRQ) lines IRQ2, IRQ3, and IRQ5. The individual IRQ line 
can be selected using switches 5, 6, and 7 of SW DIP-8, 
When using any of these three IRQs, the user needs to 
ensure that there are no conflicts between the evaluation 
board and any other boards attached to the computer’s 
motherboard. 

Switches 1 -4, along with address lines A5-A9 are used as 
inputs to GAL16V8 Programmable Gate Array (U2). This de- 
vice forms the interface between the computer’s control 
and address lines and generates the control signals used by 
the LM12(H)454/8 for CS, WR, and RD. It also generates 
the signal that controls the data buffers. Several address 
ranges within the computer’s I/O memory map are avail- 
able. Refer to Table III for the switch settings that gives the 
desired I/O memory address range. Selection of an address 
range must be done so that there are no conflicts between 
the evaluation board and any other boards attached to the 
computer’s motherboard. The GAL equations are shown In 
Figure 14. The GAL functional block diagram is shown in 
Figure 15. 

Figures 16- 19 show the layout of each layer in the 3-layer 
evaluation/interface board plus the silk-screen layout show- 
ing parts placement. Figure /7is the top or component side. 
Figure 18 is the middle or ground plane layer. Figure 19 is 
the circuit side, and Figure 16 is the parts layout. 
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6.0 Application Circuits (Continued) 


Motherboard U3 

Card Slot 74HCT245 


Rear D Connector 

iB 



DBO 

2 


"7^ 

DB1 

3 



DB2 

4 



DB3 

5 



DB4 

”61 


Ai 

DBS 

7 

A6 B6 


DB6 

8 

A7 B7 


DB7 

9 


.m2m 

1 

1 


A8 B8 

G 



ra 

DIR 



C22 
0.1 fif 
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Note: The layout utilizes a split ground plane. The analog ground plane is placed under all analog signals and U5 pins 1, 34-44. The remaining signals and pins are 
placed over the digital ground. The single point ground connection is at U6, pin 2, and this is connected to the motherboard pin B1. 


Parts List: 


Y1 

D1 

LI 

P1 

R1 

R2 

RN1 

JP1, JP2 
S1 


HC49U, 8 MHz crystal 

1N4002 

33 jliH 

DB37F; parallel connector 

10 Mn, 5%, 

2 kn, 5%. V4W 

10 kn, 6 resistor SIP, 5%, 

VbW 

HX3, 3-pin jumper 
SW DIP-8; 8 SPST switches 


Cl -3, C6, C9-11, 

C19, C22 0.1 }xf, 50V, monolithic 
ceramic 

C4 68 pF, 50V, ceramic disk 

C5 1 5 pF, 50V, ceramic disk 

C7, C21 100 fxF, 25V, electrolytic 

C8, Cl 2, 

C20 10 juiF, 35V, electrolytic 

C1 3, Cl 6 0.01 juF, 50V, monolithic 
ceramic 

Cl 4, Cl 8 1 fiF, 35V, tantalum 
Cl 5, Cl 7 100 juF, 50V, ceramic disk 


U1 MM74HCT244N 

U2 GAL16V8-20LNC 

U3 MM74HCT245N 

U4 MM74HCU04N 

U5 LM12H458CIV or 

LM12H454CIV 
U6 LM340AT-5.0 

SKI 44-pin PLCC socket 

A1 LM12H458/4 Rev. D PC 

Board 


FIGURE 13. Schematic and Parts List for the LM12(H)454/8 Evaluation/Interface 
Board for XT and AT Style Computers, Order Number LM12458EVAL 
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6.0 Application Circuits (Continued) 




;l/0 Decode Lines 




1 0.A5 

1 




i 0-A6 

2 




IO-A7 

3 




1 0-A8 

4 




io.A9 

5 




;Select Lines for Zone Decode 




SEL0 

6 




SELl 

7 




SEL2 

8 




SEL3 

9 



TL/H/11711-25 

; Physi cal 

I/O Controls 




AEN 

15 




♦lo-UR 

11 




t 1 o.RD 

13 




; Physi cal 

Outputs 




tcs 

17 




!WR 

19 




fRD 

18 




fDBEN 

12 




; Interaedi ate Terasl 




DEC0 

16 




FILT 

14 




Equal 1 ons 





iDecode of 

Sel ect Li nes ! 




SL0 

tSEL2 a fSELl 

a 

tSEL0; 


SLl 

- !SEL2 a tSELl 

a 

SEL0; 


SL2 

- tSEL2 a SELl 

a 

!SEL0; 


SL3 

- fSEL2 a SELl 

a 

SEL0; 


SL4 

SEL2 a fSELl 

a 

tSEL0; 


SL5 

SEL2 a fSELl 

a 

SEL0; 


SL6 

- SEL2 a SELl 

a 

tSEL0; 


SL7 

SEL2 a SELl 

a 

SEL0; 


j Decode of 

Address Lines! 




AL00 

SL0 a ?io-A7 a f!o_A6 

a 

! i 0-A5; 


AL20 

SLl a tio.A7 a tio.A6 

a 

i 0-.A5 ; 


AL40 

SL2 a ?lo_A7 a io_A6 

a 

f IO-A5; 


AL60 

SL3 a fio.A7 a io.A6 

a 

1 0-A5; 


AL80 

SL4 a io_A7 a tio-A6 

a 

tlo-A5; 


ALA0 

SL5 a io-A7 a tio-A6 

a 

io_A5; 


ALC0 

SL6 i IO-A7 i io_A6 

a 

t 1 o_A5; 


AH01 

tSEL3 a tlo-A9 a io- 

A8; 



AH02 

SEL3 a io-A9 a tio- 

A8 

a io_A7 a 

♦lo-A6; 

AH03 

SEL3 8 lo_Ag 8 lo_ 

A8 

a tio-A7 a 

!lo_A5; 

1 Interaedi ate Address Groups! 




DEC0 

tAEN a (AL00 + AL20 + 

AL40 + AL60 + 

AL80 f ALA0 f ALC0); 

;DAS Chip 

Select Decode! 




FILT 

CS a ( io.WR + io.RD); 



CS 

( lo_WR + io 

-RD) a DEC0 a 

( AH01 + AH02 + AH03); 

DBEN 

CS a DEC0 a c io-ur + 

io-RD); 


iDelaued Read/ Write Decodes! 




WR 

- lo-WR a FILT; 




RD 

- io-RD a FILT; 
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FIGURE 14. Logic Equations Used to Program the GAL16V8 
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6.0 Application Circuits (Continued) 
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FIGURE 15. GAL Functional Block Diagram 
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FIGURE 16. Silk-Screen Layout Showing Parts Placement on the LM12(H)454/8 Evaluation/Interface Board 
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6.0 Application Circuits (Continued) 



TL/H/11711-30 

FIGURE 18. LM12(H)454/8 Evaiuation/Interface Board Ground-Plane Layout Negative 
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ADC12L030/ADC12L032/ADC12L034/ADC12L038 3.3V Self-Calibrating 12-Bit Plus Sign 

Serial I/O A/D Converters with MUX and Sample/Hold 2-478 

ADC12130/ADC12132/ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 

Converters with MUX and Sample/Hold 2-512 

ADC1 205/ADC1 225 1 2-Bit Plus Sign fxP Compatible A/D Converters 2-548 
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Definition Of Terms 
A/D Converters 


Conversion Time: The time required for a complete mea- 
surement by an analog-to-digital converter. Since the Con- 
version Time does not include acquisition time, multiplexer 
set up time, or other elements of a complete conversion 
cycle, the conversion time may be less than the Throughput 
Time. 

DC Common-Mode Error: This specification applies to 
ADCs with differential inputs. It is the change in the output 
code that occurs when the analog voltages on the two in- 
puts are changed by an equal amount. It is expressed in 
LSBs. 

Differential Nonlinearity (DNL): Differential non-linearity is 
a measure of the worst case deviation from the ideal 1 LSB 
input voltage span that is associated with each output code. 
Differential non-linearity may be expressed in fractional bits 
or as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to missing codes in an ADC. 
Dynamic Specifications: The specifications of an ADC per- 
taining to an AC input signal. These Include S/N ratio, SNR, 
SINAD, S/(N + D), ENOB, THD, IMD, FPBW, and SSBW. 
Effective Number of Bits (ENOB): The ENOB of an ADC is 
determined from a measurement of its SINAD and the fol- 
lowing equation: ENOB = (SINAD - 1 .76)76.02. This spec- 
ification combines the effects of many of the other dynamic 
specifications; errors resulting from dynamic differential and 
integral nonlinearity, missing codes, THD, and aperture jitter 
show up in ENOB. 

Full Power Bandwidth (FPBW): The frequency at which 
the S/N ratio has dropped by 3 dB (relative to its low fre- 
quency level) for an input signal that is at or near full-scale. 
This corresponds to a drop in ENOB by bit relative to its 
low frequency level. 

Gain Error (Full Scale Error): The difference (usually ex- 
pressed in LSBs) between the input voltage that should 
ideally produce a full scale output code and the actual input 
voltage that produces that code. 

Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/^C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion of an ADC transfer function from the line between the 
ADC’s measured endpoints (zero and full scale). Can be 
expressed as a percentage of full scale or in fractions of an 
LSB. This specification is commonly referred to as INL or 
ILE. 

Intermodulation Distortion (IMD): Two nearby frequency 
components in a signal will interact through the nonlineari- 
ties in an ADC to produce signal at additional frequencies. 
IMD is commonly defined as the ratio of the rms sum of the 
distortion product amplitudes to the rms sum of the input 
frequency amplitudes. 


LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
Is the full scale voltage (or current) divided by 2'^, where n is 
the resolution of the converter. 

Missing Codes: When an incremental Increase or decrease 
In input voltage causes the converter to Increment or decre- 
ment its numeric output by more than one LSB the convert- 
er is said to exhibit “missing codes”. If there are missing 
codes, there are digital codes which cannot be reached by 
any input voltage value. 

MSB (Most Significant Bit): in a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 

Offset Error (Zero Error): This is the difference between 
the ideal input voltage (Va LSB) and the actual input voltage 
that is needed to make the transition from zero to 1 LSB. All 
the digital codes in the transfer curve are offset by the same 
value. Offset error is usually expressed in LSBs. 

Peak Harmonic: The amplitude, relative to the fundamen- 
tal, of the largest harmonic resulting from the A/D conver- 
sion of an AC signal. 

Power Supply Sensitivity: The sensitivity of a converter to 
changes in the dc power supply voltages. 

Quantization Error: The error inherent in ail A/D conver- 
sions. Since even an “ideal” converter has finite resolution, 
any analog voltage that falls between two adjacent output 
codes will result in an output code that is Inaccurate by up to 
Vz LSB. 

Ratiometric Operation: Many A/D applications require a 
stable and accurate reference voltage against which the in- 
put voltage is compared. This approach results in an abso- 
lute conversion. Some applications, however, use trans- 
ducers or other signal sources whose output voltages are 
proportional to some exterrial reference. In these ratiomet- 
ric applications, the reference for the signal source should 
be connected to the reference input of the converter. Thus, 
any variations in the source reference voltage will also 
change the converter reference voltage and produce an ac- 
curate conversion. 

Resolution: The smallest analog Increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of digi- 
tal codes is equal to 2^. As an example, a 1 2-bit converter 
maps the analog signal into 212 = 4096 digital codes. 
Signal-to-Noise Ratio (S/N or SNR): The ratio of the sig- 
nal amplitude to the background noise level. The back- 
ground noise is determined by integrating the noise spectral 
density over the bandwidth of interest. 

SINAD (Signal-to-Noise + Distortion Ratio): Similar to 
the S/N ratio, the SINAD includes harmonic distortion com- 
ponents as part of the noise. (See S/(N + D) 
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S/N + D (Signal-to-Noise + Distortion Ratio): Similar to 
the S/N ratio, the S/N + D includes harmonic distortion 
components as part of the noise. (See SINAD) 

Small Signal Bandwidth (SSBW): The frequency at which 
the S/N ratio has dropped by 3 dB (relative to its low fre- 
quency level) for an input signal that is much smaller than 
the full-scale input (20 dB or 40 dB below full-scale, for ex- 
ample). 

Static Specifications: The specifications of an ADC per- 
taining to a DC signal input. These include gain error, offset 
error, and differential and integral linearity errors. 


Total Harmonic Distortion (THD): Due to inherent nonlin- 
earities even in an ideal ADC transfer function, ADC’s will 
produce harmonics of the input signal frequency. THD is 
defined as the ratio of the rms sum of the harmonic distor- 
tion product amplitudes to the input signal amplitude. 
Throughput Rate: The maximum continuous conversion 
rate of the ADC. 

Throughput Time: The inverse of the Throughput Rate. 
Total Unadjusted Error (TUE): The maximum deviation of 
the voltage corresponding to the center of a digital code’s 
associated input voltage span from the ideal case. Total 
unadjusted error includes offset error, gain error, and differ- 
ential and Integral nonlinearity errors. 
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A/D Converter Selection Guide 


Part 

I/O 

Res’ 

Conversion 

Accuracy 

# MUX 

S/H 

On-Board 

Suppiy 

Temp 

Power 

Packages 

Comments 

No. 

Type 

(Bits) 

Time (Max) 

(Max) 

inputs 

Reference 

Voitage 

Range 

(mW Max) 

ADC0801 

Parallel 

8 

llOjaS 

±y4LSB 

1 

N 

N 

+ 5V 

1, M 

9 mW 

J. N 

Differential Input 

ADC0802 

Parallel 

8 

110 jaS 

lygLSB 

1 

N 

N 

+ 5V 

C, 1, M 

9 mW 

J. N. M.V 

Differential Input 

ADC0803 

Parallel 

8 

110 JLtS 

± Yz LSB 

1 

N 

N 

+ 5V 

C, 1, M 

9mW 

J, N, M.V 

Differential Input 

ADC0804 

Parallel 

8 

110 jaS 

±1 LSB 

1 

N 

N 

+ 5V 

C, 1 

12.5 mW 

J. N, M.V 

Differential Input 

ADC0805 

Parallel 

8 

1 10 fts 

+ 1 LSB 

1 

N 

N 

+ 5V 

1 

9mW 

N 

Ratiometric Operation 

ADC0808 

Parallel 

8 

100 /jts 

± 1/2 LSB 

8 

N 

N 

+ 5V 

1, M 

15 mW 

J. N.V 


ADC0809 

Parallel 

8 

100 juts 

±1 LSB 

8 

N 

N 

+ 5V 

1 

15 mW 

N.V 


ADC0816 

Parallel 

8 

ICO jas 

± Yz LSB 

16 

N 

N 

+ 5V 

1 

15 mW 

J.N 


ADC0817 

Parallel 

8 

100 juts 

+ 1 LSB 

16 

N 

N 

+ 5V 

1 

15 mW 

N 


ADC0800 

Parallel 

8 

50 juts 

±2 LSB 

1 

N 

N 

+ 5V, -12V 

C,M 

100 mW 

J 


ADC0841B 

Parallel 

8 

40 juts 

± 1/2 LSB 

1 

N 

N 

+ 5V 

C, 1 

13 mW 

N.V 


ADC0841C 

Parallel 

8 

40 /jts 

±1 LSB 

1 

N 

N 

+ 5V 

C, 1 

13 mW 

N.V 


ADC0844B 

Parallel 

8 

40 juts 

±y2LSB 

4 

N 

N 

+ 5V 

C, 1 

13 mW 

J.N 


ADC0844C 

Parallel 

8 

40 juts 

±1 LSB 

4 

N 

N 

+ 5V 

C,l 

13 mW 

J.N 


ADC0848B 

Parallel 

8 

40 fjLS 

± 1/2 LSB 

8 

N 

N 

+ 5V 

C.l 

13 mW 

J, N.V 


ADC0848C 

Parallel 

8 

40 juts 

±1 LSB 

8 

N 

N 

+ 5V 

C,l 

13 mW 

J, N.V 


ADC0811B 

Serial 

8 

32 juts 

± 1/2 LSB 

11 

N 

N 

+ 5V 

i,c 

15 mW 

N.V 


ADC0811C 

Serial 

8 

32 fis 

±1 LSB 

11 

N 

N 

+ 5V 

i.c 

15 mW 

J. N.V 


ADC0831B 

Serial 

8 

32 fis 

± 1/2 LSB 

1 

N 

N 

+ 5V 

C 

15 mW 

J.N 


ADC0831C 

Serial 

8 

32 jxs 

±1 LSB 

1 

N 

N 

+ 5V 

C,l 

15 mW 

J. N. M 


ADC0832B 

Serial 

8 

32 fis 

±y2LSB 

2 

N 

N 

+ 5V 

C,l 

32 mW 

N, M 


ADC0832C 

Serial 

8 

32 fis 

±1 LSB 

2 

N 

N 

+ 5V 

c,l 

32 mW 

N. M 


ADC0833B 

Serial 

8 

32 fjLS 

± 1/2 LSB 

4 

N 

N 

+ 5V 

c 

15 mW 

N 


ADC0833C 

Serial 

8 

32 juts 

±1 LSB 

4 

N 

N 

+ 5V 

c.l 

15 mW 

J.N 


ADC0834B 

Serial 

8 

32 juts 

± 1/2 LSB 

4 

N 

N 

+ 5V 

c 

15 mW 

N 


ADC0834C 

Serial 

8 

32 juts 

±1 LSB 

4 

N 

N 

+ 5V 

c.l 

15 mW 

J. N.M 


ADC0838B 

Serial 

8 

32 juts 

± 1/2 LSB 

8 

N 

N 

+ 5V 

c.l 

15 mW 

J. N.V 


ADC0838C 

Serial 

8 

32 fiS 

±1 LSB 

8 

N 

N 

+ 5V 

c.l 

15 mW 

J. N, M.V 


ADC0819B 

Serial 

8 

16 juts 

± 1/2 LSB 

19 

N 

N 

+ 5V 

c 

15 mW 

N.V 


ADC0819C 

Serial 

8 

16 juts 

±1 LSB 

19 

N 

N 

+ 5V 

c.l 

15 mW 

N.V 


ADC08031B 

Serial 

8 

8 juts 

± 1/2 LSB 

1 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 



Package Codes: J Cerdip V PLCC Temperatures: C 0“C to + 70°C 

H Metal Can MS SSOP I -25°Cto+85°C 

N Plastic Dip VF PQFP or -40°Cto +85°C 

M Small Outline M -SS'Cto +125°C 
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A/D Converter Selection Guide 

(Sorted by Resolution and Speed) 



Part 

No. 

I/O 

Type 

Res’ 

(Bits) 

Conversion 
Time (Max) 

Accuracy 

(Max) 

# MUX 
Inputs 

S/H 

On-Board 

Reference 

Supply 

Voltage 

Temp 

Range 

Power 
(mW Max) 

Packages 

Comments 

ADC08031C 

Serial 

8 

8 fxs 

±1 LSB 

1 

Y 

Y 

+ 5V 

C. I,M 

20 mW 

J, N, M 


ADC08032B 

Serial 

8 

8 ILLS 

± 1/2 LSB 

2 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 


ADC08032C 

Serial 

8 

8 jas 

+ 1 LSB 

2 

Y 

Y 

+ 5V 

1 

20 mW 

N,M 


ADC08034B 

Serial 

8 

8 /IS 

± 1/2 LSB 

4 

Y 

Y 

+ 5V 

1 

20 mW 

N,M 


ADC08034C 

Serial 

8 

8 jLis 

±1 LSB 

4 

Y 

Y 

-f5V 

1 

20 mW 

N,M 


ADC08038B 

Serial 

8 

8 jLis 

+ 1/2 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 


ADC08038C 

Serial 

8 

8 /xs 

+ 1 LSB 

8 

Y 

Y 

+ 5V 

I.M 

20 mW 

J, N.M 


ADC08131B 

Serial 

8 

8 fis 

± 1/2 LSB 

1 

Y 

Y 

+ 5V 

1 

20 mW 

N 

Guaranteed Reference 0/P 

ADC08131C 

Serial 

8 

8 /xs 

±1 LSB 

1 

Y 

Y 

+ 5V 

1 

20 mW 

N 

Guaranteed Reference 0/P 

ADC08134B 

Serial 

8 

8 jxs 

± 1/2 LSB 

4 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 

Guaranteed Reference O/P 

ADC08134C 

Serial 

8 

8 fis 

±1 LSB 

4 

Y 

Y 

+ 5V 

1 

20 mW 

N,M 

Guaranteed Reference O/P 

ADC08138B 

Serial 

8 

8 fjLS 

± 1/2 LSB 

8 

Y 

Y 

-f-5V 

1 

20 mW 

N.M 

Guaranteed Reference O/P 

ADC08138C 

Serial 

8 

8 jxs 

±1 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 

Guaranteed Reference O/P 

ADC08231B 

Serial 

8 

2 JLtS 

± 1/2 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N,M 


ADC08231C 

Serial 

8 

2 ILLS 

±1 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N,M 


ADC08234B 

Serial 

8 

2 fxs 

± 1/2 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 


ADC08234C 

Serial 

8 

2 fxs 

±1 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 


ADC08238B 

Serial 

8 

2 JLtS 

± 1/2 LSB 

8 

Y 

Y 

+ 5V 

1 

20 mW 

N.M 


ADC08238C 

Serial 

8 

2 JLIS 

±1 LSB 

8 

Y 

Y 

+ 5V 

l,M 

20 mW 

J, N.M 


ADC0820B 

Parallel 

8 

1.2 JLtS 

± 1/2 LSB 

1 

Y 

N 

-H5V 

C,l 

75 mW 

N, M.V 


ADC0820C 

Parallel 

8 

1.2 JLtS 

±1 LSB 

1 

Y 

N 

+ 5V 

C,l 

75 mW 

J, N, M, V, MS 


ADC08061B 

Parallel 

8 

560 ns 

±y2LSB 

1 

Y 

N 

-H5V 

1 

100 mW 

N.M 

High Speed Upgrade for ADC0820 

ADC08061C 

Parallel 

8 

560 ns 

±1 LSB 

1 

Y 

N 

+ 5V 

l,M 

100 mW 

J, N.M 

High Speed Upgrade for ADC0820 

ADC08062B 

Parallel 

8 

560 ns 

± 1/2 LSB 

2 

Y 

N 

+ 5V 

1 

100 mW 

N.M 


ADC08062C 

Parallel 

8 

560 ns 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

100 mW 

N.M 


ADC08161B 

Parallel 

8 

560 ns 

+ 1/2 LSB 

1 

Y 

N 

-H5V 

1 

100 mW 

N.M 

ADC08061 with On-Board Reference 

ADC08161C 

Parallel 

8 

560 ns 

±1 LSB 

1 

Y 

N 

+ 5V 

1 

100 mW 

N.M 

ADC08061 with On-Board Reference 

ADC1021C 

Parallel 

10 

200 jxs 

±1 LSB 

1 

N 

N 

+ 5V 

C,l 

25 mW 

J.v 


ADC1001 

Byte-Wide 

10 

50 JLtS 

±1 LSB 

1 

N 

N 

-H5V 

c, 1 

25 mW 

J 


ADC1005B 

Byte-Wide 

10 

50 JLtS 

± 1/2 LSB 

1 

N 

N 

-h5V 

c,l 

15 mW 

J 


ADC1005C 

Byte-Wide 

10 

50 JLtS 

±1 LSB 

1 

N 

N . 

+ 5V 

c,l 

15 mW 

J,v 



Package Codes: J 

Cerdip 

V 

PLCC 

Temperatures: C 

O^Cto -l-70'’C 

H 

Metal Can 

MS 

SSOP 

1 

-25°Cto -LOS-’C 

N 

Plastic Dip 

VF 

PQFP 


or-40'’Cto +85°C 

M 

Small Outline 



M 

-55“Cto +125°C 
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A/D Converter Selection Guide 


Part 

I/O 

Res’ 

Conversion 

Accuracy 

3 

C 

X 

S/H 

On-Board 

Supply 

Temp 

Power 

Packages 

Comments 

No. 

Type 

(Bits) 

Time (Max) 

(Max) 

Inputs 

Reference 

Voltage 

Range 

(mW Max) 

ADC1031 

Serial 

10 

13.7 jus 

±1 LSB 

1 

Y 

N 

+ 5V 

1 

15 mW 

N 


ADC1034 

Serial 

10 

13.7 jas 

±1 LSB 

4 

Y 

N 

+ 5V 

i.M 

15 mW 

J. N.M 


ADC1038 

Serial 

10 

13.7 jxs 

±1 LSB 

8 

Y 

N 

+ 5V 

I.M 

15 mW 

J, N.M 


ADC1061 

Parallel : 

10 

1.8 jas 

±2 LSB 

1 

Y 

N 

+ 5V 

l,M 

235 mW 

J. N.M 


ADC10061 

Parallel 

10 

900 ns 

±1 LSB 

1 

Y 

N 

+ 5V . 

I.M 

235 mW 

J.N.M 

1 MS/s Throughput 

ADC10062 

Parallel 

10 

900 ns 

±1 LSB 

2 

Y 

N 

+ 5V 

I.M 

235 mW 

J. N.M 

1 MS/s Throughput 

ADC10064 

Parallel 

10 

900 ns 

±1 LSB 

4 

Y 

N 

+ 5V 

I.M 

235 mW 

J. N.M 

1 MS/s Throughput 

ADC10461 

Parallel 

10 

900 ns 

+ 1 LSB 

1 

Y 

N 

+ 5V 

1 

235 mW 

N.M 

AC Tested Version of ADC10061 

ADC10462 

Parallel 

10 

900 ns 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

235 mW 

N.M 

AC Tested Version of ADC10062 

ADC10464 

Parallel 

10 

900 ns 

±1 LSB 

4 

Y 

N 

+ 5V 

1 

235 mW 

N.M 

AC Tested Version of ADCl6064 

ADC10664 

Parallel 

10 

466 ns 

±1.5 LSB 

4 

Y 

N 

+ 5V 

1 

235 mW 

N.M 

AC Tested. 2 MS/s Throughput 

ADC10662 

Parallel 

10 

466 ns 

±1.5 LSB 

2 

Y 

N 

+ 5V 

1 

235 mW 

N.M 

AC Tested. 2 MS/s Throughput 

ADC10731 

Serial 

10 + Sign 

5 /IS 

±1 LSB 

1 

Y 

Y 

+ 5V 

1 

37 mW 

N.M 

Software Power-Down to 18 jitW 

ADC10732 

Serial 

10 + Sign 

5 jLis 

±1 LSB 

2 

Y 

Y 

+ 5V 

1 

37 mW 

N.M 

Software Power-Down to 18 jaW 

ADC10734 

Serial 

10 + Sign 

5 fJLS 

±1 LSB 

4 

Y 

Y 

+ 5V 

1 

37 mW 

N.M 

Software Power-Down to 18 jitW 

ADC10738 

Serial 

10 + Sign 

5 jxs 

±1 LSB 

8 

Y 

. Y 

+ 5V 

1 

37 mW 

N.M 

Software Power-Down to 18 jaW 

ADC10831 

Serial 

10 + Sign 

5 JLtS 

±1 LSB 

1 

Y 

Y 

±5V 

1 

59 mW 

N.M 

Software Power-Down to 33 jxW 

ADC10832 

Serial 

10 + Sign 

5 jaS 

±1 LSB 

2 

Y 

Y 

±5V 

1 

59 mW 

N.M 

Software Power-Down to 33 jitW 

ADC10834 

Serial 

10 + Sign 

5 jaS 

±1 LSB 

4 

Y 

Y 

±5V 

1 

59 mW 

N.M 

Software Power-Down to 33 jaW 

ADC10838 

Serial 

10 + Sign 

5 fis 

±1 LSB 

8 

Y 

Y 

. ±5V 

1 

59 mW 

N.M 

Software Power-Down to 33 jaW 

ADC10154 

Byte-Wide 

10 + Sign 

4.4 fxs 

±1 LSB 

4 

Y 

Y 

+ 5V, ±5V 

1 

33 mW 

N.M 


ADC10158 

Byte-Wide 

10 + Sign 

4.4 fis 

±1 LSB 

8 

Y 

Y 

+ 5V, ±5V 

1 

33 mW 

N.M 


ADC12062B 

Parallel 

12 

980 ns 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

75 mW 

V. VF 


ADC12062C 

Parallel 

12 

980 ns 

±iy2LSB 

2 

Y 

N 

+ 5V 

1 

75 mW 

V, VF 


ADC12662 

Parallel 

12 

660 ns 

± 11/2 LSB 

2 

Y 

N 

+ 5V 

1 

200 mW 

V, VF 


ADC1205C 

Parallel 

12 + Sign 

100 fjis 

±1 LSB 

1 

N 

N 

+ 5V, ±5V 

C,l 

235 mW 

J 


ADC1225 

Parallel 

12 + Sign 

100 jbts 

±1 LSB 

1 

N 

N 

+ 5V, ±5V 

C,l 

235 mW 

J 


ADC1241B 

Parallel 

12 + Sign 

13.8 jms 

±y2LSB 

1 

Y 

N 

+ 5V, ±5V 

1 

70 mW 

J 

Self Calibrating 

ADC1241C 

Parallel 

12 + Sign 

13.8 jLtS 

±1 LSB 

1 

Y 

N 

+ 5V, ±5V 

I.M 

70 mW 

J 

Self Calibrating 

ADC12441 

Parallel 

12 + Sign 

13.8 JLtS 

±1 LSB 

1 

Y 

N 

+ 5V, ±5V 

1 

70 mW 

J 

AC Tested 

ADC12030 

Serial 

12 + Sign 

8.8 juts 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

33 mW 

N.M 

Software Power-Down to 100 jliW 


Package Codes: J Cerdip V PLCC 

H Metal Can MS SSOP 

N Plastic Dip VF PQFP 

M Small Outline 


Temperatures: C 
I 


0"Cto +70“C 
-25“Cto +85“C 
or -40°Cto +85“C 
-ssxto+iasx 


M 
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Part 

I/O 

Res’ 

Conversion 

Accuracy 

# MUX 

S/H 

On-Board 

Supply 

Temp 

Power 

Packages 

Comments 

No. 

Type 

(Bits) 

Time (Max) 

(Max) 

Inputs 

Reference 

Voltage 

Range 

(mW Max) 

ADC12032 

Serial 

12 + Sign 

8.8 jLtS 

± 1 LSB 

2 

Y 

N 

+ 5V 

1 

33 mW 

N.M 

Software Power-Down to 100 jLtW 

ADC12034 

Serial 

12 + Sign 

8.8 jLts 

+ 1 LSB 

4 

Y 

N 

+ 5V 

1 

33 mW 

N, M 

Software Power-Down to 100 jLtW 

ADC12038 

Serial 

12 + Sign 

8.8 fxs 

±1 LSB 

8 

Y 

N 

+ 5V 

1 

33 mW 

N, M 

Software Power-Down to 100 jLtW 

ADC12L030 

Serial 

12 + Sign 

8.8 jas 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

15 mW 

N, M 

3V Guaranteed Operation 

ADC12L032 

Serial 

12 + Sign 

8.8 fts 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

15 mW 

N, M 

3V Guaranteed Operation 

ADC12L034 

Serial 

12 + Sign 

8.8 JLtS 

±1 LSB 

4 

Y 

N 

+ 5V 

1 

15 mW 

N.M 

3V Guaranteed Operation 

ADC12L038 

Serial 

12 -1- Sign 

8.8 JLtS 

±1 LSB 

8 

Y 

N 

+ 5V 

1 

15 mW 

N, M 

3V Guaranteed Operation 

ADC1251B 

Byte-Wide 

12 + Sign 

7.7 JLtS 

+ V 2 LSB 

1 

Y 

N 

+ 5V, +5V 

1 

113mW 

J 

Self Calibrating 

ADC1251C 

Byte-Wide 

12 + Sign 

7.7 JLtS 

+ 1 LSB 

1 

Y 

N 

+ 5V, +5V 

1, M 

113 mW 

J 

Self Calibrating 

ADC12451 

Byte-Wide 

12 + Sign 

7.7 JLtS 

±1 LSB 

1 

Y 

N 

+ 5V, ±5V 

1 

113 mW 

J 

AC Tested 

ADC12H030 

Serial 

12 + Sign 

5.5 JLtS 

±1 LSB 

2 

Y 

N 

+ 5V 

1 

36 mW 

N,M 

Software Power-Down to 100 jLtW 

ADC12H032 

Serial 

12 + Sign 

5.5 jas 

+ 1 LSB 

2 

Y 

N 

+ 5V 

1 

36 mW 

N, M 

Software Power-Down to 100 jLtW 

ADC12H034 

Serial 

12 + Sign 

5.5 JLtS 

±1 LSB 

4 

Y 

N 

+ 5V 

1 

36 mW 

N, M 

Software Power-Down to 1 00 jllW 

ADC12H038 

Serial 

12 + Sign 

5.5 JLtS 

±1 LSB 

8 

Y 

N 

+ 5V 

1 

36 mW 

N.M 

Software Power-Down to 1 00 jliW 

ADC16071 

Serial 

16 

192kS/s 

SINAD: 72 dB 

1 

Y 

N 

+ 5V 

1 

500 mW 

N, M 

Delta Sigma Architecture 

ADC16471 

Serial 

16 

192kS/s 

SINAD: 72 dB 

1 

Y 

Y 

+ 5V 

1 

500 mW 

N, M 

Delta Sigma Architecture 

LM131 

Frequency 

V-F 

N/A 

0.01 % 

1 

N/A 

N 

+ 5Vto +40V 

C, 1, M 

30 mW 

N, M, H 

V to F Converter, 100 kHz Max 


Package Codes: J 

Cerdip 

V 

PLCC 

Temperatures: C 

0°Cto +70“C 

H 

Metal Can 

MS 

SSOP 

1 

-25°Cto +85“C 

N 

Plastic Dip 

VF 

PQFP 


or -40°Cto +85°C 

M 

Small Outline 



M 

-55°Cto +125“C 


ro 


spjno U0U38|8S J 3 }J 8 AU 03 a/V 


A/D Converter Selection Guide (Continued) 


ADC0800 


National Semiconductor 


ADC0800 8-Bit A/D Converter 

General Description 

The ADC0800 is an 8-bit monolithic A/D converter using P- 
channel ion-implanted MOS technology. It contains a high 
input impedance comparator, 256 series resistors and ana- 
log switches, control logic and output latches. Conversion is 
performed using a successive approximation technique 
where the unknown analog voltage Is compared to the re- 
sistor tie points using analog switches. When the appropri- 
ate tie point voltage matches the unknown voltage, conver- 
sion is complete and the digital outputs contain an 8-bit 
complementary binary word corresponding to the unknown. 

The binary output is TRI-STATE® to permit bussing on com- 
mon data lines. 

The ADC0800PD is specified over -55"C to +125‘’C and 
the ADC0800PCD is specified over O^C to TO^C. 


Block Diagram 



Features 

■ Low cost 

■ ±5V, 10V input ranges 

■ No missing codes 

■ Ratiometric conversion 

■ TRI-STATE outputs 

■ Fast 

■ Contains output latches 

■ TTL compatible 

■ Supply voltages 

■ Resolution 

■ Linearity 

■ Conversion speed 

■ Clock range 


Tc=50 jas 


5 Vdc and —12 Vdc 
8 bits 
±1 LSB 
40 clock periods 
50 to 800 kHz 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, Power Dissipation (Note 3) 875 mW 

please contact the National Semiconductor Sales ESD Susceptibility (Note 4) 500V 

Office/Distributors for availability and specifications. Temperature 1 50'C 

Supply Voltage (Vdd) Vss- 22V Lead Temperature (Soldering, 10 sec.) 300°C 

Supply Voltage (Vqg) Vss - 22 V 

Voltage at Any Input Vss + 0.3V to Vss -22V Operating Ratings (Note 1) 

Input Current at Any Pin (Note 2) 5 mA Temperature Range Twin ^ Ta ^ Tmax 

Package Input Current (Note 2) 20 mA ADC0800PD -55“C Ta ^ + 125“C 

ADC0800PCD 0“C ^ Ta ^ +70“C 

Eiectrical Characteristics 

These specifications apply for Vss =5.0 VdCi Vgg= -12.0 Vdc. Vdd=0 Vdc. a reference voltage of 10.000 Vpc across the 
on-chip R-network (Vr.network top “5.000 Vqc and Vr-network bottom “ “5.000 Vdc)* and a clock frequency of 800 
kHz. For all tests, a 47511 resistor is used from pin 5 to Vr.network BOTTOM = “5 Vdc- Unless otherwise noted, these 
specifications apply over an ambient temperature range of -55®C to +125®C for the ADC0800PD and 0"C to +70°C for the 
ADC0800PCD. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Non-Linearity 

Ta = 25-C, (Note 8) 

Over Temperature, (Note 8) 



±1 

±2 

LSB 

LSB 

Differential Non-Linearity 




±y2 

LSB 

Zero Error 




±2 

LSB 

Zero Error Temperature Coefficient 

(Note 9) 



0.01 

%/“C 

Full-Scale Error 




±2 

LSB 

Full-Scale Error Temperature Coefficient 

(Note 9) 



0.01 

%/“C 

Input Leakage 




1 

jliA 

Logical “1” Input Voltage 

All Inputs 

Vss -1-0 


Vss 

V 

Logical “0” Input Voltage 

All Inputs 

Vqg 


CVJ 

1 

1 

V 

Logical Input Leakage 

Ta= 25‘’C, All Inputs, V|l= 

Vss -10V 



1 

/lA 

Logical “1 ” Output Voltage 

All Outputs, loH = 100 fiA 




V 

Logical “0” Output Voltage 

All Outputs, loL= 1-6 mA 



0.4 

V 

Disabled Output Leakage 

Ta = 25“C, All Outputs, VoL= 
Vss@10V 



2 

jxA 

Clock Frequency 

0°C^Ta^+70“C 
-55“C^Ta^ + 125“C 

50 

100 


■■ 

■■ 

Clock Pulse Duty Cycle 


40 


60 

% 

TRI-STATE Enable/Disable Time 




1 

JXS 

Start Conversion Pulse 

(Note 10) 

1 


31/2 

Clock 

Periods 

Power Supply Current 

Ta=25‘*C 



20 

mA 

Note 1: Absolute Maximum Ratings inijicate iimits beyon(j which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: When the input voltage (Vim) at any pin exceeds the power supply rails (V|n < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja> and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax ~ 1’a)/^ja or fho number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125'’C, and the typical junction-to-ambient thermal resistance of the ADC0800PD and ADC0800PCD when board mounted is eS'C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5; Typicals are at 25‘’C and represent most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Non-linearity specifications are based on best straight line. 

Note 9: Guaranteed by design only. 

Note 10: Start conversion pulse duration greater than SVi clock periods will cause conversion errors. 
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Timing Diagram 



+5V 

CLOCK 


INPUT 

OV 


+5V 

START 


CONVERSION 

QV 


+5V 

EOC 

OV 


+5V- 

OUTPUT 

ENABLE 

OV 


+5V 

DATA 

OV 


juuuijmLriJinjF 

IT 






, 7 

F 50% H 

^ 50% 



1 . 

1 



'90% 


(TRI-STATE) 


10% 

J 

ENABLE 


DISABLE 


DELAY ^ 


DELAY 

r 


TL/H/5670-2 


Data is complementary binary (full scale is all "O’s” output). 


Application Hints 

OPERATION 

The ADC0800 contains a network with 256-300n resistors 
in series. Analog switch taps are made at the junction of 
each resistor and at each end of the network. In operation, 
a reference (10.00V) is applied across this network of 256 
resistors. An analog input (Vin) is first compared to the cen- 
ter point of the ladder via the appropriate switch. If V|n is 
larger than Vref^ 2, the internal logic changes the switch 
points and now compares V|n and % Vref- This process, 
known as successive approximation, continues until the 
best match of V|n and Vrer/N is made. N now defines a 
specific tap on the resistor network. When the conversion is 
complete, the logic loads a binary word corresponding to 
this tap into the output latch and an end of conversion 
(EOC) logic level appears. The output latches hold this data 
valid until a new conversion is completed and new data is 
loaded into the latches. The data transfer occurs in about 
200 ns so that valid data is present virtually all the time in 
the latches. The data outputs are activated when the Output 
Enable is high, and in TRI-STATE when Output Enable is 
low. The Enable Delay time is approximately 200 ns. Each 
conversion requires 40 clock periods. The device may be 
operated in the free running mode by connecting the Start 
Conversion line to the End of Conversion line. However, to 
ensure start-up under all possible conditions, an external 
Start Conversion pulse is required during power up condi- 
tions. 

REFERENCE 

The reference applied across the 256 resistor network de- 
termines the analog input range. Vref = 10.00V with the top 
of the R-network connected to 5V and the bottom connect- 
ed to -5V gives a ±5V range. The reference can be level 
shifted between Vss and Vqg- However, the voltage, ap- 
plied to the top of the R-network (pin 15), must not exceed 
Vss. 1o prevent forward biasing the on-chip parasitic silicon 
diodes that exist between the P-diffused resistors (pin 15) 
and the N-type body (pin 1 0, Vss)- Use of a standard logic 
power supply for Vss can cause problems, both due to Initial 
voltage tolerance and changes over temperature. A solution 
is to power the Vss line (1 5 mA max drain) from the output 
of the op amp that is used to bias the top of the 


R-network (pin 1 5). The analog input voltage and the volt- 
age that is applied to the bottom of the R-network (pin 5) 
must be at least 7V above the -Vqg supply voltage to 
ensure adequate voltage drive to the analog switches. 
Other reference voltages may be used (such as 10.24V). If a 
5V reference is used, the analog range will be 5V and accu- 
racy will be reduced by a factor of 2. Thus, for maximum 
accuracy, it is desirable to operate with at least a 1 0V refer- 
ence. For TTL logic levels, this requires 5V and -5V for the 
R-network. CMOS can operate at the 10 Vdc Vss level end 
a single 10 Vdc reference can be used. All digital voltage 
levels for both inputs and outputs will be from ground to 
Vss- 

ANALOG INPUT AND SOURCE RESISTANCE 
CONSIDERATIONS 

The lead to the analog input (pin 1 2) should be kept as short 
as possible. Both noise and digital clock coupling to this 
input can cause conversion errors. To minimize any input 
errors, the following source resistance considerations 
should be noted: 

ForRs^Sk No analog input bypass capacitor re- 

quired, although a 0.1 jaF input bypass 
capacitor will prevent pickup due to un- 
avoidable series lead inductance. 
For5k<Rs^20k A 0.1 jliF capacitor from the input (pin 
12) to ground should be used. 

For Rs>20k Input buffering is necessary. 

If the overall converter system requires lowpass filtering of 
the analog input signal, use a 20 kn or less series resistor 
for a passive RC section or add an op amp RC active low- 
pass filter (with its inherent low output resistance) to ensure 
accurate conversions. 

CLOCK COUPLING 

The clock lead should be kept away from the analog input 
line to reduce coupling. 

LOGIC INPUTS 

The logical "1 ” input voltage swing for the Clock, Start Con- 
version and Output Enable should be (Vss~1-0V). 
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Application Hints (Continued) 

CMOS will satisfy this requirement but a pull-up resistor 
should be used for TTL logic inputs. 

RE-START AND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maximum 
of 40 clock periods to indicate “busy”. A START pulse that 
occurs while the A/D Is BUSY will reset the SAR and start a 
new conversion with the EOC signal remaining in the low 
state until the end of this new conversion. When the conver- 
sion is complete, the EOC line will go to the high voltage 
state. An additional 4 clock periods must be allowed to 
elapse after EOC goes high, before a new conversion cycle 
is requested. Start Conversion pulses that occur during this 
last 4 clock period interval may be ignored (see Figure 1 and 
2 for high speed operation). This is a problem only for high 
conversion rates and keeping the number of conversions 
per second less than fcLOCK/44 automatically guarantees 
proper operation. For example, for an 800 kHz clock, ap- 
proximately 18,000 conversions per second are allowed. 
The transfer of the new digital data to the output is initiated 
when EOC goes to the high voltage state. 

POWER SUPPLIES 

Standard supplies are Vss=+5V, Vgg=~'I 2V and 
Vdd=0V. Device accuracy is dependent on stability of the 
reference voltage and has slight sensitivity to Vss — Vqg- 
Vdd has no effect on accuracy. Noise spikes on the Vss 
and Vqg supplies can cause improper conversion; there- 
fore, filtering each supply with a 4.7 jjlF tantalum capacitor is 
recommended. 


CONTINUOUS CONVERSIONS AND LOGIC CONTROL 

Simply tying the EOC output to the Start Conversion input 
will allow continuous conversions, but an oscillation on this 
line will exist during the first 4 clock periods after EOC goes 
high. Adding a D flip-flop between EOC (D input) to Start 
Conversion (Q output) will prevent the oscillation and will 
allow a stop/continuous control via the “clear’.’ input. 

To prevent missing a start pulse that may occur after EOC 
goes high and prior to the required 4 clock period time inter- 
val, the circuit of Figure 1 can be used. The RS latch can be 
set at any time and the 4-stage shift register delays the 
application of the start pulse to the A/D by 4 clock periods. 
The RS latch is reset 1 clock period after the A/D EOC 
signal goes to the low voltage state. This circuit also pro- 
vides a Start Conversion pulse to the A/D which is 1 clock 
period wide. 

A second control logic application circuit is shown in Figure 
2. This allows an asynchronous start pulse of arbitrary 
length less than Tq, to continuously convert for a fixed high 
level and provides a single clock period start pulse to the 
A/D. The binary counter is loaded with a count of 1 1 when 
the start pulse to the A/D appears. Counting is inhibited 
until the EOC signal from the A/D goes high. A carry pulse 
is then generated 4 clock periods after EOC goes high and 
is used to reset the input RS latch. This carry pulse can be 
used to indicate that the conversion is complete, the data 
has transferred to the output buffers and the system is 
ready for a new conversion cycle. 



FIGURE 1. Delaying an Asynchronous Start Pulse 


START 

CONVERSION 



START CONVERSION 
(TO A/D) 


READY FOR 
NEXT CONVERSION 


UNO Vcc Vcc GNO Vcc 


FIGURE 2. A/D Control Logic 
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Application Hints (Continued) 

ZERO AND FULL-SCALE ADJUSTMENT 
Zero Adjustment: This is the offset voltage required at the 
bottom of the R-network (pin 5) to make the 11111111 to 
11111110 transition when the input voltage is LSB (20 
mV for a 10.24V scale). In most cases, this can be accom- 
plished by having a 1 kn pot on pin 5. A resistor of 475n 
can be used as a non-adjustable best approximation from 
pin 5 to ground. 


Full-Scale Adjustment: This is the offset voltage required 
at the top of the R-network (pin 15) to make the 00000001 
to 00000000 transition when the input voltage is 1 Va LSB 
from full-scale (60 mV less than full-scale for a 10.24V 
scale). This voltage is guaranteed to be within ±2 LSB for 
the ADC0800 without adjustment, in most cases, adjust- 
ment can be accomplished by having a 1 kft pot on pin 15. 


Typical Applications 


General Connection 

OV -t2V CLOCK 


Ratiometric Input Signal with Tracking Reference 



OUTPUT ENABLE 

•SC 

•EOC 


Hi-Voltage CMOS Output Levels 


o 

-7V 

V|N 

f) 

1 r 

15 10 8 

1 


POTENTIOMETRIC 

TRANSDUCER 



OV to 10V V|N range 
OV to 10V output levels 
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Typical Applications (Continued) 


Vref= 10 Vdc with TTL Logic Levels 



TL/H/5670-13 


Vref= 10 Vdc With 10V CMOS Logic Levels 

2-7IC G.9 Vdc 



Input Level Shifting 



OUT WITH OV INPUT 


-5V TO 5V INPUT 
TO ADC0800 


• Permits TTL compatible outputs with 
OV to 10V input range (OV to -10V 
input range achieved by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V"). 


TL/H/5670-5 


ADC0800 
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Typical Applications (Continued) 

TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with test- 
ing an A/D converter. One of the simplest tests is to apply a 
known analog Input voltage to the converter and use LEDs 
to display the resulting digital output code as shown in Fig- 
ure 3. Note that the LED drivers invert the digital output of 
the A/D converter to provide a binary display. A lab DVM 
can be used if a precision voltage source is not availabie. 
After adjusting the zero and full-scale, any number of points 
can be checked, as desired. 

For ease of testing, a 10.24 Vdc reference is recommended 
for the A/D converter. This provides an LSB of 40 mV 
(10.240/256). To adjust the zero of the A/D, an analog input 
voltage of 14 LSB or 20 mV should be applied and the 


zero adjust potentiometer should be set to provide a flicker 
on the LSB LED readout with all the other display LEDs 
OFF. 

To adjust the full-scale adjust potentiometer, an analog in- 
put that is 114 LSB less than the reference (10.240-0.060 
or 10.180 Vdc) should be applied to the analog input and 
the full-scale adjusted for a flicker on the LSB LED, but this 
time with all the other LEDs ON. 

A.complete circuit for a simple A/D tester is shown in Figure 
4. Note that the clock input voltage swing and the digital 
output voltage swings are from OV to 10.24V, The 
MM74C901 provides a voltage translation to 5V operation 
and also the logic inversion so the readout LEDs are in bina- 
ry. 



FIGURE 3. Basic A/D Tester 


TL/H/5670-15 
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Typical Applications (Continued) 

The digital output LED display can be decoded by dividing 
the 8 bits into the 4 most significant bits and 4 least signifi- 
cant bits. Table I shows the fractional binary equivalent of 
these two 8-bit groups. By adding the decoded voltages 
which are obtained from the column: “Input Voltage Value 
with a 10.240 Vref” of both the MS and LS groups, the 
value of the digital display can be determined. For example, 
for an output LED display of “1011 0110” or “B6” (in hex) 
the voltage values from the table are 7.04 + 0.24 or 


7.280 Vdc- These voltage values represent the center val- 
ues of a perfect A/D converter. The input voltage has to 
change by ±y 2 LSB (±20 mV), the “quantization uncertain- 
ty” of an A/D, to obtain an output digital code change. The 
effects of this quantization error have to be accounted for in 
the interpretation of the test results. A plot of this natural 
error source is shown in Figure 5 where, for clarity, both the 
analog input voltage and the error voltage are normalized to 
LSBs. 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 






INPUT VOLTAGE 



FRACTIONAL BINARY VALUE FOR 

VALUE WITH 

HEX 

BiNARY 



10.24 Vref 



MS GROUP 

LS GROUP 

MS GROUP 

LS GROUP 

F 

1111 

15/16 

15/256 

9.600 

0.600 

E 

1110 

7/8 

7/128 

8.960 

0.560 

D 

110 1 

13/16 

13/256 

8.320 

0.520 

C 

110 0 

3/4 

3/64 

7.680 

0.480 

B 

10 11 

11/16 

11/256 

7.040 

0.440 

A 

10 10 

5/8 

5/128 

6.400 

0.400 

9 

10 0 1 

9/16 

9/256 

5.760 

0.360 

8 

10 0 0 

1/2 

1/32 

5.120 

0.320 

7 

0 111 

7/16 

7/256 

4.480 

0.280 

6 

0 110 

3/8 

3/128 

3.840 

0.240 

5 

0 10 1 

5/16 

5/256 

3.200 

0.200 

4 

0 10 0 

1/4 

1/64 

2.560 

0.160 

3 

0 0 11 

3/16 

3/256 

1.920 

0.120 

2 

0 0 10 

1/8 

1/128 

1.280 

0.080 

1 

0 0 0 1 

1/16 

1/256 

0.640 

0.040 

0 

0 0 0 0 



0 

0 



TL/H/5670-8 

FIGURE 5. Error Plot of a Perfect A/D Showing Effects of Quantization Error 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep the 
analog input voltage and the LED outputs will provide a bi- 
nary counting sequence from zero to full-scale. 

The techniques described so far are suitable for an engi- 
neering evaluation or a quick check on performance. For a 
higher speed test system, or to obtain plotted data, a digital- 
to-analog converter is needed for the test set-up. An accu- 
rate 10-bit DAC can serve as the precision voltage source 
for the A/D. Errors of the A/D under test can be provided as 
either analog voltages or differences in two digital words. 

A basic A/D tester which uses a DAC and provides the error 
as an analog output voltage is shown in Figure 6. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub- 
traction feature is available to directly readout the difference 
voltage, “A-C”. 


For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 7 ynhere the 
output code transitions can be detected as the 1 0-bit DAC is 
incremented. This provides y^. LSB steps for the 8-bit A/D 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB’s) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 




FIGURE 7. Basic ‘^Digital” A/D Tester 


TL/H/5670-17 


Connection Diagram 


Duai-ln-Line Package 


R- 

NET- 


WORK LSB 

VoD 2-5 2-5 TOP 2"? 2"* V|n CLOCK Vss 



TL/H/5670-9 


Top View 

Order Number ADC0800PD 
orADCOSOOPCD 
See NS Package Number D18A 
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National Semiconductor 

ADC080 1 / ADC0802/ ADC0803/ ADC0804/ ADC0805 

8-8it jmP Compatible A/D Converters 

General Description 

The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8-bit successive approximation A/D 
converters that use a differential potentiometric ladder- 
similar to the 256R products. These converters are de- 
signed to allow operation with the NSC800 and INS8080A 
derivative control bus with TRI-STATE® output latches di- 
rectly driving the data bus. These A/Ds appear like memory 
locations or I/O ports to the microprocessor and no inter- 
facing logic is needed. 

Differential analog voltage inputs allow increasing the com- 
mon-mode rejection and offsetting the analog zero input 
voltage value. In addition, the voltage reference input can 
be adjusted to allow encoding any smaller analog voltage 
span to the full 8 bits of resolution. 

Features 

0 Compatible with 8080 jaP derivatives — ho interfacing 
logic needed - access time - 135 ns 
0 Easy interface to all microprocessors, or operates 
“stand alone” 


0 Differential analog voltage inputs 
0 Logic inputs and outputs meet both MOS and TTL volt- 
age level specifications 
0 Works with 2.5V (LM336) voltage reference 
0 On-chip clock generator 

0 OV to 5V analog input voltage range with single 5V 
supply 

0 No zero adjust required 
0 0.3" standard width 20-pin DIP package 
0 20-pin molded chip carrier or small outline package 
0 Operates ratiometrically or with 5 Vdc. 2.5 Vdc. or ana- 
log span adjusted voltage reference 

Key Specifications 

0 Resolution 8 bits 

0 Total error LSB, ±^2 LSB and ±1 LSB 

0 Conversion time 100 iis 



Typical Applications 


5V 



Error Specification (Includes Full-Scale, 

Zero Error, and Non-Linearity) 

Part 

Number 

Full- 

Scale 

Adjusted 

Vref/2= 2.500 Vdc 
(N o Adjustments) 

Vref/2= No Connection 
(No Adjustments) 

ADC0801 

±1/4 LSB 



ADC0802 


±1/2 LSB 


ADC0803 

±1/2 LSB 



ADC0804 


±1 LSB 


ADC0805 



±1 LSB 


c? 

►O 


RD 

KJ 


NSC800, 



8080, ^ 



280, 


A/D 

8048, 



ETC. 

04 

inTr 


C DATA 



TL/H/5671-31 



2-19 


ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 




Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Voltage 

Logic Control Inputs - 0.3V to + 1 8V 

At Other Input and Outputs - 0.3V to (Vcc + 0.3V) 

Lead Temp. (Soldering, 10 seconds) 

Dual-ln-Line Package (plastic) 260°C 

Dual-ln-Line Package (ceramic) 300°C 

Surface Mount Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220*’C 


Storage Temperature Range 
Package Dissipation at Ta= 25'’C 
ESD Susceptibility (Note 10) 


-65°Cto +150°C 
875 mW 
800V 


Operating Ratings (Notes 1 & 2) 


Temperature Range 


TmIN^Ta^TmaX 


ADC0801 /02LJ, ADC0802LJ/883 -55“C^Ta^ + 125“C 


ADC0801/02/03/04LCJ 
ADC0801/02/03/05LCN 
ADC0804LCN 
ADC0802/03/04LCV 
ADC0802/03/04LCWM 
Range of Vcc 


~40°C^Ta^ + 85°C 
-40“C^Ta:^+85°C 
0“C^Ta^+70"C 
0®C^Ta^ + 70“C 
0“C^Ta^+70“C 
4.5 Vdc to 6.3 Vdc 


Eiectrical Characteristics 

The following specifications apply for Vcc = 5 Vqc. Tmin^Ta^Tmax ^od fcLK=040 kHz unless othen^^ise specified. 


Parameter 

ADC0801: Total Adjusted Error (Note 8) 


ADC0802: Total Unadjusted Error (Note 8) 


ADC0803: Total Adjusted Error (Note 8) 


ADC0804: Total Unadjusted Error (Note 8) 


ADC0805: Total Unadjusted Error (Note 8) 


Conditions 

With Full-Scale Adj. 
(See Section 2.5.2) 


Vref/2= 2.500 Vdc 


With Full-Scale Adj. 
(See Section 2.5.2) 


Vref/2 = 2.500 Vdc 


Vref/2-No Connection 


Vref/ 2 Input Resistance (Pin 9) 

ADC0801/02/03/05 
ADC0804 (Note 9) 

2.5 

0.75 

8.0 

1.1 

Analog Input Voltage Range 

(Note 4) V(+)orV(-) 

Gnd-0.05 


DC Common-Mode Error 

Over Analog Input Voltage 
Range 


±yi6 

Power Supply Sensitivity 

Vcc =5 Vdc ±10% Over 
Allowed V|n(+) and V|n(-) 
Voltage Range (Note 4) 


±yi6 




AC Electrical Characteristics 

The following specifications apply for Vcc =5 Vdc and Ta = 25‘’C unless otherwise specified. 


Parameter 

Conversion Time 


Conversion Time 


Clock Frequency 

Clock Duty Cycle 

Conversion Rate in Free-Running 
Mode 

Width of WR Input (Start Pulse Width) 
Access Time (Delay from Falling 


Conditions 

^CLK=640 kHz (Note 6) 


Vcc=5V, (Note 5) 

(Note 5) 

jNJRtied to WR with 
CS = 0 Vdc> ^CLK ~ 640 kHz 

CS = 0VDc(Note 7) 

Cl= 100 pF 



CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 


Logical “1” Input Voltage 
(Except Pin 4 CLK IN) 


Vcc =5.25 Vdc 




















AC Electrical Characteristics (continued) 

The following specifications apply for Vcc = SVqc and Tmin ^ Ta ^ T^AXi unless otherwise specified. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

V|N (0) 

Logical “0” Input Voltage 
(Except Pin 4 CLK IN) 

Vcc = 4.75 Vdc 



0.8 

Vdc 

IlN (1) 

Logical “1” Input Current 
(All Inputs) 

V|n=5 Vdc 


0.005 

1 

/aAdc 

l|N (0) 

Logical “0” Input Current 
(All Inputs) 

V|N=o Vdc 

-1 

-0.005 


P-Adc 

CLOCK IN AND CLOCK R 

Vt + 

CLK IN (Pin 4) Positive Going 
Threshold Voltage 


H 

3.1 

' 


Vdc 

Vt- 

CLK IN (Pin 4) Negative 

Going Threshold Voltage 



1.8 


Vdc 

Vh 

CLK IN (Pin 4) Hysteresis 
(Vt + )-(Vt-) 





Vdc 

VoUT (0) 

Logical “0” CLK R Output 
Voltage 

lo = 360 jiiA 

Vcc = 4.75 Vdc 




Vdc 

VoUT (1) 

Logical “1” CLK R Output 
Voltage 

lo= —360 /xA 

Vcc = 4.75 Vdc 

B 



Vdc 

DATA OUTPUTS AND INTR 

Vout(O) 

Logical “0” Output Voltage 

Data Outputs 

INTR Output 

louT= 1 -6 mA, Vcc = 4.75 VdC 
l0UT= 1-0 mA, Vcc =4.75 VdC 




Vdc 

Vdc 

VoUTd) , 

Logical “1 ” Output Voltage 

l0= -360 jixA. Vcc=4.75 Vdc 

2.4 



Vdc 

VoUT(1) 

Logical “1 ” Output Voltage 

Io=-10/xA,Vcc = 4.75 Vdc 

4.5 



Vdc 

•out 

TRI-STATE Disabled Output 
Leakage (All Data Buffers) 

VoUT = 0Vdc 

VoUT = 5Vdc 

-3 


3 

/aAdc 

P-Adc 

■source 


Vqut Short to Gnd, Ta= 25°C 

4.5 

6 


mAcc 

■sink 


Vqut Short to VcCi Ta= 25°C 

9.0 

16 


mADc 

POWER SUPPLY 

■cc 

Supply Current (Includes 

Ladder Current) 

ADC0801 /02/03/04LCJ/05 
. ADC0804LCN/LCV/LCWM 

fcLK = 640 kHz, 

Vref/2=NC.Ta=25°C 

andCS=5V 


1.1 

1.9 

1,8 

2.5 

< < 
E E 

Note 1: Absolute Maximum Ratings intricate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from Vcc to Gnd and has a typical breakdown voltage of 7 Vdc- 

Note 4: For V|n(-):^ Vin( + ) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater. than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V|rg does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vqc to 5 Vdc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature 
variations, initial tolerance and loading. 

Note 5: Accuracy is guaranteed at fcLK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be 
extended so long as the minimum clock high time interval or minimum clock low time inten/al is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 2 qx \6 section 2.0. 

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width wiil hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams). 

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 

Note 9: The Vref/ 2 pin is the center point of a two-resistor divider connected from Vcc *0 ground. In all versions of the ADC0801, ADC0802, ADC0803, and 
ADC0805, and in the ADC0804LCJ. each resistor is typically 16 kn. In all versions of the ADC0804 except the ADC0804LCJ, each resistor is typicaily 2.2 kn. 

Note 10: Human body model, 100 pF discharged through a 1.6 kn resistor. 
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Typical Performance Characteristics 



Delay From Falling Edge of 
m to Output Data Valid 



0 200 400 600 800 1000 


CLK IN Schmitt Trip Levels 



4.50 4.75 5.00 5.25 5.50 


Vcc- SUPPLY VOLTAGE (Vqc) 


LOAD CAPACITANCE (pF) 


Vcc - SUPPLY VOLTAGE (Vqc) 


fcLK VS. Clock Capacitor 



10 100 1000 


Full-Scale Error vs 


Effect of Unadjusted Offset Error 



40 60 80 100 120 140 


VS. Vref/ 2 Voltage 


rr 


7 

l/|N(+)“V||g(-) = 0V. 
ASSUMES Vqs- 2 mV. 
mis SHOWS THE NEEI 
FOR A ZERO AOJ. IF 

p" 

■null 

■1 




lllilii 



1 


iiiiiii 



1 


liliiii 


L 



IIIIIII 


t1 


rut 

SPA 

1 

s 

Ktl 

JUbt 

D.' 

IIIIIII 




nil 

IIIH 

■ 




■ 

IIIIIII 




nil 

IIHI 

■ 




■ 

IIIIIII 




nil 


■ 


11 


■ 

IIIIIII 


m 


nil 

1111111 

■ 





IIIIIII 




kill 

IIIH 



lli 


■ 

IIIIIII 




ikii 

llflii 



III 



IIIIIII 


m 


Ih! 

r: 



II 



IIIIIII 


■ 


nil 

ii^i 



II 



IIIIIII 

— 

■ 

■ 


nil 

■III 

!!■ 


ii 

II 


- 

■null 

IIIIIII 


0.01 0.1 1.0 s 


CLOCK CAPACITOR (pF) 


Tc. CONVERSION TIME ifu) 


VrEF/2(Vdc) 


Output Current vs 
Temperature 








m 

■ 

m 


m 








m 

■ 

■ 

■■■ 

■ 
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& 


■ 
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11 
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5 


■ 











-50 -25 0 25 SO 75 100 125 

Ta - AMBIENT TEMPERATURE (°C) 


Power Supply Current 
vs Temperature (Note 9) 



-50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE (°C) 


1.0 


0 


Linearity Error at Low 
Vref/ 2 Voltages 



0 1 2 2.5 

Vref/2 VOLTAGE (Vqc) 


TL/H/5671-2 
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TRI-STATE Test Circuits and Waveforms 


*1H tlHiCL=10pF toH toH,CL=10pF 



tr = 20ns tr=20ns TL/H/5671-3 


Timing Diagrams (All timing is measured from the 50% voltage points) 

START 

CONVERSION 



Output Enable and Reset INTR 





Typical Applications (Continued) 

6800 Interface 



Absolute with a 2.500V Reference 

..ypc . 


Ratiometric with Full-Scale Adjust 


VimW 

Vcc 


A/D 

VinH 

Vref« 


Note: before using caps at V|n or Vref/ 2, r- 
see section 2.3.2 Input Bypass Capacitors. 


Absolute with a 5V Reference 

Vcc • Vref 


V|nW 

Vcc 

; 

A/D 

VinH 

Vref/* 



Vin(+) 

Vcc 


A/0 

VinH 

Vref/* 


For low power, see also LM385-2.5 


Zero-Shift and Span Adjust: 2V^ V|n^5V 


Span Adjust: 0 V ^ V|m ^ 3 V 
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Typical Applications (Continued) 


Directly Converting a Low-Level Signal A jaP Interfaced Comparator 



1 mV Resolution with jmP Controlled Range 



Digitizing a Current Flow 



TL/H/5671-6 
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Typical Applications (Continued) 

jmP Compatible Differential-Input Comparator with Pre-Set Vqs (with or without Hysteresis) 



’See Figure 5 to select R value 
DB7 = “1” for V|n(+)>V,n(-) + (Vref/2) 
Omit circuitry within the dotted area if 
hysteresis is not needed 

Handling ± 10V Analog Inputs 


Low-Cost, juiP Interfaced, Temperature-to-Digital Converter 



Vcc 

(SVdc) 


’Beckman Instruments #694-3-R10K resistor array 



)ulP Interfaced Temperature-to-Digital Converter 

, Vcc 
<5 Voc) 
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1 

PF 

/_ 

..J 

1 1 




'•"'I 

1 27k 1 

.1/2 LM358 

100 


f 

-L- 

1 


>— O— 

V|N<+) 

CH2| 


d 




1 

( 


fc = 20 Hz 

Uses Chebyshev implementation for steeper roll-off 
unity-gain, 2nd order, low-pass filter i — 

Adding a separate filter for each channel increases *=: 
system response time if an analog multiplexer 
is used 



Output Buffers with A/D Data Enabled 


Increasing Bus Drive and/or Reducing Time on Bus 





CS 



A/D 

DATA? 

)o— 0 

m A/o 


— ^ 

RO 







*A/D output data la updM ed 1 CLK period 
prior to assertion of InTr 


•Allows output data to set-up at falling edge of CS 
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Typical Applications (Continued) 


Sampling an AC Input Signal 



Note 1: Oversample whenever possible [keep fs > 2f(-60)] to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 

Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 


70% Power Savings by Clock Gating 



TO A/D (Complete shutdown takes ~ 30 seconds.) 


Power Savings by A/D and Vref Shutdown 



^Use ADC0801, 02, 03 or 05 for lowest power consumption. 

Note; Logic inputs can be driven to Vcc with A/D supply at zero volts. 

Buffer prevents data bus from overdriving output of A/D when in shutdown mode. 


TL/H/5671-11 
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Functional Description 

1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase waveform) is 
shown in Figure la. The horizontal scale is analog input 
voltage and the particular points labeled are in steps of 1 
LSB (19.53 mV with 2.5V tied to the Vref/ 2 pin). The digital 
output codes that correspond to these inputs are shown as 
D - 1 , D, and D + 1 . For the perfect A/D, not only will center- 
value (A - 1 , A, A + 1 , . . . . ) analog inputs produce the cor- 
rect output ditigal codes, but also each riser (the transitions 
between adjacent output codes) will be located ±y 2 LSB 
away from each center-value. As shown, the risers are ideal 
and have no width. Correct digital output codes will be pro- 
vided for a range of analog input voltages that extend ± Va 
LSB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADC0801. 
All center-valued inputs are guaranteed to produce the cor- 
rect output codes and the adjacent risers are guaranteed to 
be no closer to the; center-value points than ± % LSB. In 

Transfer Function 


other words, if we apply an analog input equal to the center- 
value ± Vi LSB, we guarantee that the A/D will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and it 
is guaranteed to be no more than Vz LSB. 

The error curve of Figure 1c shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the A/D will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the A/D 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con- 
tinuously displayed and includes the quantization uncertain- 
ty of the A/D. For example the error at point 1 of Figure la 
is + 1/2 LSB because the digital code appeared y 2 LSB in 
advance of the center-value of the tread. The error plots 
always have a constant negative slope and the abrupt up- 
side steps are always 1 LSB in magnitude. 



ANALOG INPUT (V|n) 


5 0 + 1 
P: 

z» 



A-1 A A+1 
ANALOG INPUT (V|n) 


a) Accuracy = ±0 LSB: A Perfect A/D 


Transfer Function 



Transfer Function 



Error Plot 



ANALOG INPUT (V|n) 


b) Accuracy = ±% LSB 


Error Plot 



ANALOG INPUT (V|n) 


c) Accuracy = ± V 2 LSB 


TL/H/5671-12 


FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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Functional Description (Continued) 

2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of the 
256R network. Analog switches are sequenced by succes- 
sive approximation logic to match the analog difference in- 
put voltage [V|n(+) - V|n(-)] to a corresponding tap on 
the R network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is tran sferre d to an output 
latch and then an interrupt is asserted (INTR makes a high- 
to-low transition). A conversion in process can be interrupt- 
ed by issuing a second start command. The devic e may be 
operated in the free-running mode by connecting INTR to 
the WR Input with CS=0. To ensure start-up under all pos- 
sible conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-to-low transition of the WR input the internal 
SAR latches and the shif t register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these inputs makes a low-to- 
high transition. 


A functional diagram of the A/D converter is shown in Fig- 
ure 2. All of the package pinouts are shown and the major 
logic control paths are drawn In heavier weight lines. 

The converter is started by having ^ and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this “1” to the Q output of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 8-bit shift register then can have the “1” 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be at a “1” level) and the 8-bit shift register would continue 
to be held in the^ reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F/F. 



Note 2: SAR = Successive Approximation Register. 


FIGURE 2. Block Diagram 
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Functional Description (Continued) 

After the “1” is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the input to 
the D-type latch, LATCH 1. As soon as this “1” is output 
from the shift register, the AND gate, G2, causes the new 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-low transition which causes the INTR F/F 
to set. An inverting buffer then supplies the INTR input sig- 
nal. 

Note that this SET control of the INTR F/F remains low for 
8 of the external clock periods (as the internal clocks run at 
Ye of the frequency of the external clock). If the data output 
is co ntinuously enabled (CS and RD both held low), the 
INTR output will still signal the end o f conversion (by a high- 
to-low transition), because the SET input can control the Q 
output of the INTR F/F even though the RESET input is 
constantly at a “1” level in this operating mode. This I NTR 
output will therefore stay low for the duration of the SET 
signal, which is 8 periods of the external clock frequency 
(assuming the A/D is not started during this interval). 

When oper ating i n the free-running or continuous conver- 
sion mode (INTR pin tied to WR and CS wired low — see 
also section 2.8 ), the START F/F is SET by the high-to-low 
transition of the INTR signal. This resets the SHIFT REGIS- 
TER which causes the input to the D-type latch, LATCH 
to go low. As the latch enable input is still present, the Q 
output will go high, which then allows the INT R F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a few propagation delays (approximately 300 
ns). 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled to provide the 8- 
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS, 1^, and WR) meet standard 
T2L logic voltage levels. These signals have been renamed 
when compared to the standard A/D Start and Output En- 
able labels. In addition, these inputs are active low to allow 
an easy interface to microprocessor control busses. For 
non-microprocessor based applications, the CS input (pin 1) 
can be grounded and the standard A/D Start function is 
obtained by an active low pulse applied at the WR input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D has additional applications flexibility due to the 
analog differential voltage input. The V|n(-) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4 mA-20 mA current loop conversion. In addition, common- 
mode noise can be reduced by use of the differential input. 
The time interval between sampling V|n(+) and V|n(-) is 4- 
Yz clock periods. The maximum error voltage due to this 


slight time difference between the input voltage samples is 
given by: 

AVeCMAX) = (Vp) ( 27 rfcm) (5^ ). 
where: 

AVe is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
fcm is the common-mode frequency 
As an example, to keep this error to Ya LSB (~ 5 mV) when 
operating with a 60 Hz common-mode frequency, fcm. and 
using a 640 kHz A/D clock, fcLK. would allow a peak value 
of the common-mode voltage, Vp, which is given by: 

y ^ [AVe(MAX) (^CLK)] 

(27rfcm) (4.5) 
or 

_ (5 X 10-3) (640X103) 

^ (6.28) (60) (4.5) 

which gives 
Vpsi.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise lev- 
els. 

An analog input voltage with a reduced span and a relatively 
large zero offset can be handled easily by making use of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 
2.3.1 Input Current 
Normal Mode 

Due to the internal switching action, displacement currents 
will flow at the analog inputs. This is due to on-chip stray 
capacitance to ground as shown in Figure 3. 



TL/H/5671-14 

roN of SW 1 and SW 2 s 5 kn 
■'"I'ON CsTRAY “ 5 kft X 12 pF = 60 ns 

FIGURE 3. Analog Input Impedance 
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Functional Description (Continued) 

The voltage on this capacitance is switched and will result in 
currents entering the V|n( 4-) input pin and leaving the 
V|n(“) input which will depend on the analog differential 
input voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 

Fault Mode 

If the voltage source applied to the V|n(+) or V|n(-) pin 
exceeds the allowed operating range of Vcc+50 mV, large 
input currents can flow through a parasitic diode to the Vcc 
pin. If these currents can exceed the 1 mA max allowed 
spec, an external diode (1N914) should be added to bypass 
this current to the Vcc pin (with the current bypassed with 
this diode, the voltage at the V|n( + ) pin can exceed the 
Vcc voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist- 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the V|n(+) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the V|n(+) input at 5V, this 
DC current is at a maximum of approximately 5 juA. There- 
fore, bypass capacitors should not be used at the analog 
inputs or the pin for high resistance sources (> 1 

kn). If input bypass capacitors are necessary for noise filter- 
ing and high source resistance is desirable to minimize ca- 
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the input current, can be eliminated with a full-scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func- 
tion of the differential input voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, wiH not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (^ 1 kft) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica- 
tions, (^ 1 kn), a 0.1 /jlF bypass capacitor at the Inputs will 
prevent noise pickup due to series lead inductance of a long 
wire. A 1 0On series resistor can be used to isolate this ca- 
pacitor— both the R and C are placed outside the feedback 
loop — from the output of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kfl. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog In- 
puts to ground, will eliminate system noise pickup but can 
create analog scale errors as these capacitors will average 
the transient input switching currents of the A/D (see sec- 
tion 2.3.1 .). This scale error depends on both a large source 


resistance and the use of an input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the A/D (adjust Vref/ 2 for a proper full-scale reading — see 
section 2.5.2 on Full-Scale Adjustment) with the source re- 
sistance and input bypass capacitor in place. 

2.4 Reference Voltage 
2.4.1 Span Adjust 

For maximum applications flexibility, these A/Ds have been 
designed to accommodate a 5 Vdc. 2.5 Vpc or an adjusted 
voltage reference. This has been achieved in the design of 
the 1C as shown in Figure 4. 


Vcc <Vref) 



Notice that the reference voltage for the 1C is either ^2 of 
the voltage applied to the Vcc supply pin, or is equal to the 
voltage that Is externally forced at the Vref/ 2 pin. This al- 
lows for a ratiometric voltage reference using the Vcc sup- 
ply, a 5 Vdc reference voltage can be used for the Vcc 
supply or a voltage less than 2.5 Vpc can be applied to the 
Vref/ 2 input for increased application flexibility. The inter- 
nal gain to the Vref/ 2 input is 2, making the full-scale differ- 
ential input voltage twice the voltage at pin 9. 

An example of the use of an adjusted reference voltage is to 
accommodate a reduced span— or dynamic voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Vpc to 3.5 Vpc* instead of OV to 5 Vdc. 
the span would be 3V as shown in Figure 5. With 0.5 Vdc 
applied to the V|n(-) pin to absorb the offset, the reference 
voltage can be made equal to Va of the 3V span or 1 .5 Vdc- 
The A/D now will encode the V|n(+) signal from 0.5V to 3.5 
V with the 0.5V input corresponding to zero and the 3.5 Vdc 
input corresponding to full-scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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a) Analog Input Signal Example b) Accommodating an Analog Input from 

0.5V (Digital Out = = OOhex) to 3.5V 
(Digital Out=FFHEx) 


FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range 


2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absolute mode. In ratiometric converter applications, the 
magnitude of the reference voltage is a factor in both the 
output of the source transducer and the output of the A/D 
converter and therefore cancels out in the final digital output 
code. The ADC0805 is specified particularly for use in ratio- 
metric applications with no adjustments required. In abso- 
lute conversion applications, both the initial value and the 
temperature stability of the reference voltage are important 
factors in the accuracy of the A/D converter. For Vref/ 2 
voltages of 2.4 Vdc nominal value, initial errors of ±10 
mVoc will cause conversion errors of ± 1 LSB due to the 
gain of 2 of the Vref/ 2 Input. In reduced span applications, 
the initial value and the stability of the Vref/ 2 input voltage 
become even more important. For example, if the span is 
reduced to 2.5V, the analog input LSB voltage value is cor- 
respondingly reduced from 20 mV (5V span) to 10 mV and 
1 LSB at the Vref/ 2 input becomes 5 mV. As can be seen, 
this reduces the allowed initial tolerance of the reference 
voltage and requires correspondingly less absolute change 
with temperature variations. Note that spans smaller than 
2.5V place even tighter requirements on the initial accuracy 
and stability of the reference source. 

In general, the magnitude of the reference voltage will re- 
quire an initial adjustment. Errors due to an improper value 
of reference voltage appear as full-scale errors in the A/D 
transfer function. 1C voltage regulators may be used for ref- 
erences if the ambient temperature changes are not exces- 
sive. The LM336B 2.5V 1C reference diode (from National 
Semiconductor) has a temperature stability of 1 .8 mV typ 
(6 mV max) over 0 °C^Ta^ + 70®C. Other temperature 
range parts are also available. 


2.5 Errors and Reference Voltage Adjustments 
2.5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vin(min). >s not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the A/D V|fsj(-) input at this V|n(min) value (see 
Applications section). This utilizes the differential mode op- 
eration of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n (-) input and applying a small 
magnitude positive voltage to the Vjn ( + ) input. Zero error 
is the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal LSB value 
(1/2 LSB = 9.8 mV for Vref/2 = 2.500 Vdc). 


2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage that is 1 1/2 LSB less than the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref/ 2 input (pin 9 or the Vcc supply if pin 9 is 
not used) for a digital output code that is just changing from 
1111 moto 1111 1111. 
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Functional Description (Continued) 

2.5.3 Adjusting for an Arbitrary Anaiog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal that does not go to ground) this new zero reference 
should be properly adjusted first. A V|n( + ) voltage that 
equals this desired zero reference plus LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana- 
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should then be adjusted to just obtain the 
OOhex to OIhex oode transition. 

The full-scale adjustment should then be made (with the 
proper V|n(-) voltage applied) by forcing a voltage to the 
V|n( + ) input which is given by: 

V|,( + )tsadi = VMAX-1.5[^ ^^^^ ]. 

where: 

VMAX^The high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref/ 2 (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

2.6 Clocking Option 

The clock for the A/D can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
CLK IN (pin 4) makes use of a Schmitt trigger as shown in 
Figure 6. 
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FIGURE 6. Self-Clocking the A/D 


conversion in process is not allowed to be completed, there- 
fore the d ata o f the previous conversion remains in this 
latch. The INTR output simply remains at the “1” level. 

2.8 Continuous Conversions 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to ensure circuit opera- 
tion. In this application, the C S input is grounded an d the 
WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
power-up cycle to guarantee operation. 

2.9 Driving the Data Bus 

This MOS A/D, like MOS microprocessors and memories, 
will require a bus driver when the total capacitance of the 
data bus gets large. Other circuitry, which is tied to the data 
bus, will add to the total capacitive loading, even in TRI- 
STATE (high impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 
There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see typical 
characteristics curves). 

At higher CPU clock frequencies time can be extended for 
I/O reads (and/or writes) by inserting wait states (8080) or 
using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, exter- 
nal bus drivers must be used. These can be TRI-STATE 
buffers (low power Schottky such as the DM74LS240 series 
is recommended) or special higher drive current products 
which are designed as bus drivers. High current bipolar bus 
drivers with PNP inputs are recommended. 

2.10 Power Supplies 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vcc P'n and values of 1 juF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- 
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the Vcc supply. 


Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less than 50 pF, such as driving up to 7 A/D convert- 
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
TTL buffer or PNP input logic should be used to minimize 
the loading on the clock R pin (do not use a standard TTL 
buffer). 

2.7 Restart During a Conversion 

If the A/D is restarted (CS and WR go low and return high) 
during a conversion, the converter is reset and a new con- 
version is started. The output data latch is not updated if the 


2.1 1 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory for 
breadboarding this A/D converter. Sockets on PC boards 
can be used and all logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applications. 
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Functional Description (Continued) 

A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to digital ground. Any Vref/ 2 bypass ca- 
pacitors, analog input filter capacitors, or input signal shield- 
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the A/D 
converter. Zero errors in excess of LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with test- 
ing an A/D converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEDs 
to display the resulting digital output code as shown in Fig- 
ure 7. 

For ease of testing, the Vref/ 2 (pin 9) should be supplied 
with 2.560 Vdc and a Vcc supply voltage of 5.12 Vqc 
should be used. This provides an LSB value of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Vdc (5.120-1 1/2 LSB) should be applied to 
the V|n(+) pin with the V|n(-) pin grounded. The value of 
the Vref/ 2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1 1 1 0 to 1 1 1 1 
1111. This value of Vref/ 2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
voltages obtained from the “VMS” and “VLS” columns In 
Table I, the nominal value of the digital display (when 

10k 
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FIGURE 7. Basic A/D Tester 


Vref/ 2 = 2.560V) can be determined. For example, for an 
output LED display of 101 1 01 10 or B6 (in hex), the voltage 
values from the table are 3.520 + 0.120 or 3.640 Vdc- 
These voltage values represent the center-values of a per- 
fect A/D converter. The effects of quantization error have to 
be accounted for in the interpretation of the test results. 
For a higher speed test system, or to obtain plotted data, a 
digital-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the A/D. Errors of the A/D under test can be 
expressed as either analog voltages or differences in 2 digi- 
tal words. 

A basic A/D tester that uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub- 
traction feature is available to read the difference voltage, 
“A-C”, directly. The analog input voltage can be supplied 
by a low frequency ramp generator and an X-Y plotter can 
be used to provide analog error (Y axis) versus analog input 
(X axis). 

For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 1 0-bit DAC is 
incremented. This provides % LSB steps for the 8-bit A/D 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB’s) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 microproces- 
sors, a common sample subroutine structure is used. The 
microprocessor starts the A/D, reads and stores the results 
of 16 successive conversions, then returns to the user’s 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro- 
vided separately for each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives (8048, 
8085) 

This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor. The A/D can be 
mapped into mem^ space ( using s tand ard mem ory ad- 
dress decoding for CS and the MEMR and MEMW st robes) 
or It can be controlled as an I/O device by using the I/O R 
and I/O W strobes and decoding the address bits AO 
A7 (or address bits A8 — > A15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us- 
ing the I/O space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi- 
tional memory reference instructions, the A/D should be 
mapped Into memory space. An example of an A/D in I/O 
space is shown in Figure 10. 
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Functional Description (Continued) 


ANALOG INPUT 
VOLTAGE 



^ANALOG OUTPUT 


100X ANALOG 
ERROR VOLTAGE 


FIGURE 8. A/D Tester with Analog Error Output 


DAC1000 YANALOgI 

10-BIT >'■ »l 
DAC / 


FIGURE 9. Basic “Digital” A/D Tester 


F 1111 

E 1110 

D 110 1 

C 110 0 

B 10 11 

A 10 1 

9 10 0 

8 10 0 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 


FRACTIONAL BINARY VALUE FOR 


MS GROUP 


OUTPUT VOLTAGE 
CENTER VALUES 
WITH 

Vref/2 = 2.560 Vdc 


VMS GROUP* 


VLS GROUP 



Display Output = VMS Group + VLS Group 





Functional Description (Continued) 





cs 


Vcc 

RD 


CLK R 

CLKIN 


DB1 


A/D 

DB2 

''lN(+) 

VlNH 


0B3 

0B4 

Vref/2 


DB6 





T5 

OUT Vcc 

B5 

T4 


B4 

T3 

DM8131 

B3 

T2 

BUS 

COMPARATOR 

B2 

T1 


B1 

TO 


BO 


Note 1: ♦Pin numbers for the DP8228 system controller, others are 1NS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 kJl resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801-INS8080A CPU Interface 
SAMPLE PROGRAM FOR FIGURE ADC0801-INS8080A CPU INTERFACE 


31 00 04 
7D 

FE OF 
CA 13 01 
D3E0 
FB 
00 

C3 OF 01 


DBEO 

77 

23 

C3 03 01 


(User program to 
process data) 


INEOH 
MOVM, A 
INXH 

JMP RETURN 


LXI H 0200H 

; HL pair will point to 
; data storage locations 

LXI SP 0400H 

; Initialize stack pointer (Note 1) 

MOV A, L 

; Test # of bytes entered 

CPI OF H 

; If #=16. JMP to 

JZ CONT 

; user program 

OUT EO H 

; Start A/D 

El 

; Enable interrupt 

NOP 

; Loop until end of 

JMP LOOP 

; conversion 


; Load data into accumulator 
; Store data 

; Increment storage pointer 


Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All address used were arbitrarily chosen. 
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Functional Description (Continued) 

The standard control bus signals of the 8080 CS, ^ and 
WR) can be directly wired to the digital control inputs of the 
A/D and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be used for larger microprocessor 
systems where the data bus leaves the PC board and/or 
must drive capacitive loads larger than 1 00 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip, set (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the A/D is 
controlled as an I/O device, specifically an 8-bit bi-direction- 
al port located at an arbitrarily chosen port address, EO. The 
TRI-STATE output capability of the A/D eliminates the need 
for a peripheral Interface device, however address decoding 
is still required to generate the appropriate CS for the con- 
verter. 


It is important to note that in systems where the A/D con- 
verter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address bits 
(AO to A7) can be directly used as C§ inputs— one for each 
I/O device. 

4.1.2 INS8048 Interface 

The INS8048 interface technique with the ADC0801 series 
(see Figure 11) is simpler than the 8080A CPU interface. 
There are 24 I/O lines and three test input lines in the 8048. 
With these extra I/O lines available, one of the I/O lines (bit 
0 of port 1) is used as the chip select signal to the A/D, thus 
eliminating the use of an external address decoder. Bus 
control signals RD, WR and INT of the 8048 are tied directly 
to the A/D. The 16 converted data words are stored at on- 
chip RAM locations from 20 to 2F (Hex). The RD and WR 
signals are generated by reading from and writing into a 
dummy address, respectively. A sample interface program 
is shown below. 



FIGURE 11. INS8048 Interface 
SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE 
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04 10 

04 50 

99 FE 
81 

89 01 START ; 

B8 20 
B9 FF 
BA 10 

23 FF AGAIN: 

99 FE 
91 

05 

96 21 LOOP; 

EA IB 
00 
00 

81 INDATA 

AO 
18 

89 01 

27 

93 


JMP 

lOH 

ORG 

3H 

JMP 

50H 

ORG 

lOH 

ANL 

PI, #0FEH 

MOVX 

A, @R1 

ORL 

PI, #1 

MOV 

RO, #20H 

MOV 

Rl, #0FFH 

MOV 

R2, #10H 

MOV 

A, #0FFH 

ANL 

PI, #0FEH 

MOVX 

@R1, A 

EN 

I 

JNZ 

LOOP 

DJNZ 

NOP 

NOP 

R2, AGAIN 

ORG 

50H 

MOVX 

A, @R1 

MOV 

@R0, A 

INC 

RO 

ORL 

Pl.#l 

CLR 

RETR 

A 


; Program starts at addr 10 

; Interrupt jump vector 
; Main program 
; Chip select 
; Read in the 1st data 
; to reset the intr 
; Set port pin high 
; Data address 
; Dummy address 
; Counter for 16 bytes 
; Set ACC for intr loop 
;SendCS (bit Oof PI) 

; Send WR out 
; Enable interrupt 
; Wait for interrupt 
; If 16 bytes are read 
; go to user *s program 


; Input data, CS still low 
; Store in memory 
; Increment storage counter 
; Reset CS signal 
; Clear ACC to get out of 
; the interrupt loop 
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Functional Description (Continued) 

4.2 Interfacing the Z-80 

The Z-80 control bus is slightly different from that of the 
8080. General RD and WR st robes are provided and s epa- 
rate memory request, MREQ, and I/O request, lORQ, sig- 
nals are used which have to be combined with the general- 
ized strobes to provide the equivalent 8080 signals. An ad- 
vantage of operating the A/D in I/O space with the Z-80 is 
that the CPU will automatically insert one wait state (the RD 
and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
A/D in I/O space is shown in Figure 13. 


R0» 0| 



f0RQ>— i 

0 

1 V ^ Q 

A/O 

WR — d 

1 



MM74C32 TL/H/5671-23 

FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 

Additional I/O advantages exist as software DMA routines 
are available and use can be made of the output data trans- 
fer which exists on the upper 8 address lines (A8 to A15) 
during I/O input instructions. For example, MUX channel 
selection for the A/D can be accomplished with this operat- 
ing mode. 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus foir^ the 680 0 microprocessor derivatives 
does not use the^D and WR strobe signals. Instead it em- 
ploys a single R/W line and additional timing, if needed, can 
be derived fom the 4>2 clock. All I/O devices are memory 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 14 shows 
an interface schematic where the A/[^ memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using Vz DM8092. Note that in many 6800 systems, an al- 


ready decoded 475 line is brought out to the common bus at 
pin 21. This can be tied directly to the CB pin of the A/D, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 

The following subroutine performs essentially the same 
function as in the case of the 8080A interface and it can be 
called from anywhere in the user’s program. 

In Figure 15 the ADC0801 series is interfaced to the M6800 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 ^MC6821 Peripheral Interface Adapter, (PIA). 
Here the ^ pin of the A/D is grounded since the PIA is 
already memory mapped in the M6800 system and no CS 
decoding is necessary. Also notice that the A/D output data 
lines are connected to the microprocessor bus under pro- 
gram control through the PIA and therefore the A/D RD pin 
can be grounded. 

A sample interface program equivalent to the previous one 
is shown below Figure 15. The PIA Data and Control Regis- 
ters of Port B are located at HEX addresses 8006 and 8007, 
respectively. 

5.6 GENERAL APPLICATIONS 

The following applications, show some interesting uses for 
the A/D. The fact that one particular microprocessor is used 
is not meant to be restrictive. Each of these application cir- 
cuits would have its counterpart using any microprocessor 
that is desired. 

5.1 Multiple ADC0801 Series to MC6800 CPU Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme pre- 
sents several advantages over the conventional multiplexer 
single-converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for each 
channel. Furthermore, all analog input channels are sensed 
simultaneously, which essentially divides the microproces- 
sor’s total system servicing time by the number of channels, 
since all conversions occur simultaneously. This scheme is 
shown in Figure 16. 



Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Number or letters in brackets refer to standard M6800 system common bus code. 




GNO (1)f WX 7 ] 
41 42 43 | 


TL/H/5671-24 


FIGURE 14. ADC0801-MC6800 CPU Interface 
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Functional Description (Continued) 


SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU 


0010 

DF 36 

DATAIN 

STX 

TEMP2 

0012 

CE 00 2C 


LDX 

#^002C 

0015 

FF FF F8 


STX 

^FFF8 

0018 

B7 50 00 


STAA 

$5000 

OOIB 

OE 


CLI 


OOlC 

3E 

CONVRT 

WAI 


OOID , 

PE 34 


LDX 

TEMPI 

OOIF 

8C02 0F 


CPX 

#$020F 

0022 , 

27 14 , 


BEQ 

ENDP 

0024 

, B7 50 00 


STAA 

$5000 

0027 

08 


INX 


0028 

DF 34 


STX 

TEMPI 

002A . 

20 FO 


BRA 

CONVRT 

002C; 

DE 34 

INTRPT 

LDX 

TEMPI 

002E 

B6 50 00 


LDAA 

$5000 

0031 

A7 00 


STAA 

X 

0033 

3B 


RTI 


0034 

02 00 

TEMPI 

FDB 

$0200 

0036 

00 00 

TEMP2 

FDB 

$0000 

0038 

CE 02 00 

ENDP 

LDX 

#$0200 

003B 

DF 34 


STX 

TEMPI 

003D 

DE 36 


LDX 

TEMP2 

003F 

39 


RTS 



r the microprocessor to service subroutines and interrupts, the stack pointer must 


INTERFACE 

; Save contents of X 
; Upon IRQ low CPU 
; jumps to 002C 
; Start ADC0801 

; Wait for interrupt 

; Is final data stored? 

; Restarts ADC0801 


; Read data 
; Store it at X 

; Starting address for 
; data storage 

; Reinitialize TEMPI 


; Return from subroutine 
; To user’s program 
be dimensioned in the user’s program. 


cs 


vcc 



CLKR 

WR 


DBO 

CLKIN 


DB1 

inTr 

A/D 

0B2 

V|N(+) 


DBS 

V|N(-) 


DB4 

AGND 


DBS 

VrEF/2 


DB6 

DGNO 


DB7 


FIGURE 15. ADC0801-MC6820 PIA Interface 
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Functional Description (Continued) 


SAMPLE PROGRAM FOR FIGURE /5ADC0801-MC6820 PIA INTERFACE 


0010 

CE 00 38 

DATAIN 

LDX 

#$0038 

;Upon IRQ low CPU 

0013 

FF FF F8 


SIX 

$FFF8 

; jumps to 0038 

0016 

B6 80 06 


LDAA 

PIAORB 

; Clear possible IRQ flags 

0019 

4F 


CLRA 



OOIA 

B7 80 07 


STAA 

PIACRB 


OOID 

B7 80 06 


STAA 

PIAORB 

; Set Port B as input 

0020 

OE 


CLI 



0021 

C6 34 


LDAB 

#$34 


0023 

86 3D 


LDAA 

#$3D 


0025 

F7 80 07 

CONVRT 

STAB 

PIACRB 

; Starts ADC0801 

0028 

B7 80 07 


STAA 

PIACRB 


002B 

3E 


WAI 


; Wait for interrupt 

002C 

DE 40 


LDX 

TEMPI 


002E 

8C02 OF 


CPX 

#$020F 

; Is final data stored? 

0031 

27 OF 


BEQ 

ENDP 


0033 

08 


INX 



0034 

DF40 


STX 

TEMPI 


0036 

20 ED 


BRA 

CONVRT 


0038 

DE 40 

INTRPT 

LDX 

TEMPI 


003A 

B6 80 06 


LDAA 

PIAORB 

; Read data in 

003D 

A7 00 


STAA 

X 

; Store it at X 

003F 

3B 


RTI 



0040 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 






; data storage 

0042 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

0045 

DF 40 


STX 

TEMPI 


0047 

39 


RTS 


; Return from subroutine 



PIAORB 

EQU 

$8006 

; To user * s program 



PIACRB 

EQU 

$8007 



The following schematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 ADC0801 ’s directly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitrarily) located at HEX address 5000 In 
the MC6800 memory space. To save components, the 
clock signal Is derived from just one RC pair on the first 
converter. This output drives the other A/Ds. 

All the converters are started simultaneously with a STORE 
instruction at HEX address 5000. Note that any other HEX 
address of the form 5XXX will be decoded by the circuit, 
pulling all the CS inputs low. This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all A/Ds have 
completed their conversion before the microprocessor is in- 
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user’s program. Once called, this routine initializes the 


CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
converters (from HEX addresses 5000 through 5007) and 
stores the data successively at (arbitrarily chosen) HEX ad- 
dresses 0200 to 0207, before returning to the user’s pro- 
gram. All CPU registers then recover the original data they 
had before servicing DATA IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and A/D Converter 

The differential inputs of the ADC0801 series eliminate the 
need to perform a differential to single ended conversion for 
a differential transducer. Thus, one op amp can be eliminat- 
ed since the differential to single ended conversion Is pro- 
vided by the differential input of the ADC0801 series. In gen- 
eral, a transducer preamp is required to take advantage of 
the full A/D converter input dynamic range. 



2-43 


ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 




ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 


Functional Description (Continued) 



Note 2: Numbers of letters in brackets refer to standard M6800 system common bus code. TL/H/5671-26 

FIGURE 16. interfacing Multiple A/Ds in an MC6800 System 
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 


COMMENTS 

0010 

DF 44 

DATAIN 

SIX 

TEMP 

; Save Contents of X 

0012 

CE00 2A 


LDX 

#$002A 

; Upon IRQ LOW CPU 

0015 

FF FF F8 


SIX 

$FFF8 

; Jumps to 002A 

0018 

B7 50 00 


STAA 

$5000 

; Starts all A/D* s 

OOIB 

OE 


CLI 



OOlC 

3E 


WAI 


; Wait for interrupt 

OOID 

CE 50 00 


LDX 

#$5000 


0020 

DF 40 


SIX 

INDEXl 

; Reset both INDEX 

0022 

CE 02 00 


LDX 

#$0200 

; 1 and 2 to starting 

0025 

DF 42 


SIX 

INDEX2 

; addresses 

0027 

DE 44 


LDX 

TEMP 


0029 

39 


RTS 


; Return from subroutine 

002A 

DE 40 

INTRPT 

LDX 

INDEXl 

; INDEXl ^ X 

002C 

A6 00 


LDAA 

X 

; Read data in from A/D at X 

002E 

08 


INX 


; Increment X by one 

002F 

DF 40 


STX 

INDEXl 

; X ^ INDEXl 

0031 

DE 42 


LDX 

INDEX2 

; INDEX2 X 
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Functional Description (Continued) 


SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 


COMMENTS 

0033 

A7 00 


STAA 

X 

; Store data at X 

0035 

8C02 07 


CPX 

#$0207 

; Have all A/D's been read? 

0038 

27 05 


BEQ 

RETURN 

; Yes ; branch to RETURN 

003A 

08 


INX 


; No ; increment X by one 

003B 

DF 42 


STX 

INDEX2 

; X INDEX2 

003D 

20 EB 


BRA 

INTRPT 

; Branch to 002A 

003F 

3B 

RETURN 

RTI 



0040 

50 00 

INDEXl 

FDB 

$5000 

; Starting address for A/D 

0042 

02 00 

INDEX2 

FDB 

$0200 

; Starting address for data storage 

0044 

00 00 

TEMP 

FDB 

$0000 



Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program. 


For amplification of DC input signals, a major system error is 
the input offset voltage of the amplifiers used for the 
preamp. Figure /7 is a gain of 100 differential preamp 
whose offset voltage errors will be cancelled by a zeroing 
subroutine which is performed by the INS8080A microproc- 
essor system. The total allowable input offset voltage error 
for this preamp is only 50 /xV for % LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltage of the preamp is: 

[ 2R2l 

1 +-^J + 


SIGNAL GAIN 
(V0S2 “ V0S1 - V0S3 ± ixRx) 


DC ERROR TERM GAIN 

where lx Is the current through resistor Rx- All of the offset 
error terms can be cancelled by making ±lxRx= Vqsi + 
Vos3 ~ Vos2- This is the principle of this auto-zeroing 
scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro- 
gramable Peripheral Interface (PPI) to control the auto zero- 
ing and input data from the ADC0801 as shown in Figure 18. 
The PPI is programmed for basic I/O operation (mode 0) 
with Port A being an input port and Ports B and C being 
output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the input of the preamp. Switch 


SW1 is closed to force the preamp’s differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con- 
cern for the ON resistance of the switches as they must 
conduct only the input bias current of the input amplifiers. 
Output Port B is used as a successive approximation regis- 
ter by the 8080 and the binary scaled resistors in series with 
each output bit create a D/A converter. During the zeroing 
subroutine, the voltage at Vx increases or decreases as re- 
quired to make the differential output voltage equal to zero. 
This is accomplished by ensuring that the voltage at the 
output of A1 Is approximately 2.5V so that a logic “1” (5V) 
on any output of Port B will source current into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic “0” (OV) will pull current 
out of node Vx and decrease the voltage, causing the differ- 
ential output to become more positive. For the resistor val- 
ues shown, Vx can move ± 1 2 mV with a resolution of 50 
jmV, which will null the offset error term to % LSB of full- 
scale for the ADC0801 . It is important that the voltage levels 
that drive the auto-zero resistors be constant. Also, for sym- 
metry, a logic swing of OV to 5V is convenient. To achieve 
this, a CMOS buffer is used for the logic output signals of 
Port B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A1 is necessary so that it can 
source or sink the D/A output current. 
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Functional Description (Continued) 


SVdc 


V|nw2.5V + 



Note 1: R2 = 49.5 R1 

Note 2: Switches are LMC13334 CMOS analog switches. 

Note 3: The 9 resistors used in the auto-zero section can be ±5% tolerance. 

FIGURE 17. Gain of 100 Differential Transducer Preamp 



PREAMP 

OUTPUTS 


FIGURE 18. Microprocessor Interface Circuitry for Differential Preamp 


TL/H/5671-27 
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A flow chart for the zeroing subroutine is shown in Figure 
19. It must be noted that the ADC0801 series will output an 
all zero code when it converts a negative input [V|n(-) ^ 
V|n(+)]- Also, a logic inversion exists as all of the I/O ports 
are buffered with inverting gates. 

Basically, if the data read is zero, the differential output volt- 
age is negative, so a bit in Port B is cleared to pull Vx more 
negative which will make the output more positive for the 
next conversion. If the data read is not zero, the output volt- 
age is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con- 
verges to within 5 mV of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR:3C3D upon 

acknowledgement of an interrupt from the ADC0801 

5.3 Multiple A/D Converters in a Z-80 Interrupt 
Driven Mode 

In data acquisition systems where more than one A/D con- 
verter (or other peripheral device) will be interrupting pro- 
gram execution of a microprocessor, there is obviously a 
need for the CPU to determine which device requires servic- 
ing. Figure 21 and the accompanying software is a method 
of determining which of 7 ADC0801 converters has com- 
pleted a conversion (INTR asserted) and is requesting an 
Interrupt. This circuit allows starting the A/D converters in 
any sequence, but will input and store valid data from the 
converters with a priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through A/D 7 which would have the 
lowest priority for data being read. Only the converters 
whose I NT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 8-bit D 
type flip-flop. When the Z-80 acknowledges the interrupt, 
the program is vectored to a data input Z-80 subroutine. 
This subroutine will read a peripheral status wor d from the 
DM74LS373 which contains the logic state of the INTR out- 
puts of all the converters. Each converter which initiates an 
interrupt will place a logic “0” in a unique bit position in the 
status word and the subroutine will determine the identity of 
the converter and execute a data read. An Identifier word 
(which Indicates which A/D the data came from) is stored in 
the next sequential memory location above the location of 
the data so the program can keep track of the identity of the 
data entered. 



TL/H/5671-28 

FIGURE 19. Flow Chart for Auto-Zero Routine 
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3D00 

3E90 

MVI 90 



3D02 

D3E7 

Out Control Port 


; Program PPI 

3D04 

2601 

MVI H 01 

Auto-Zero Subroutine 


3D06 

7C 

M0VA,H 



3D07 

D3E6 

OUT C 


; Close SWl open SW2 

3D09 

0680 

MVI B 80 


; Initialize SAR bit pointer 

3D0B 

3E7F 

MVI A 7F 


; Initialize SAR code 

3D0D 

4F 

Move, A 

Return 


3D0E 

D3E5 

OUTB 


; Port B = SAR code 

3D10 

31AA3D 

LXI SP 3DAA 

Start 

; Dimension stack pointer 

3D13 

D3E4 

OUT A 


; Start A/D 

3D15 

FB 

IE 



3D16 

00 

NOP 

Loop 

; Loop until INT asserted 

3D17 

C3163D 

JMP Loop 



3D1A 

7A 

M0VA,D 

Auto-Zero 


3D1B 

C600 

ADI 00 



3D1D 

CA2D3D 

JZ Set C 


; Test A/D output data for zero 

3D20 

78 

M0VA,B 

Shift B 


3D21 

F600 

OKI 00 


; Clear carry 

3D23 

IF 

RAR 


; Shift "1" in B right one place 

3D24 

FEOO 

CPI 00 


; Is B zero? If yes last 

3D26 

CA373D 

JZ Done 


; approximation has been made 

3D29 

47 

MOVB.A 



3D2A 

C3333D 

JMP New C 



3D2D 

79 

M0VA,C 

Set C 


3D2£ 

BO 

ORAB 


; Set bit in C that is in same 

3D2F 

4F 

Move, A 


;positionas "1" inB 

3D30 

C3203D 

JMP Shift B 



3D33 

A9 

XRAC 

New C 

; Clear bit in C that is in 

3D34 

C30D3D 

JMP Return 


; same position as "1" inB 

3D37 

47 

M0VB,A 

Done 

; then output new SAR code . 

3D38 

7C 

M0VA,H 


; Open SWl , close SW2 then 

3D39 

EE03 

XRI 03 


; proceed with program. Preamp 

3D3B 

D3E6 

OUTC 


; is now zeroed. 

3D3D 


• 

• 

Normal 




• 

Program for processing 
proper data values 



3C3D 

DBE4 

IN A 

Read A/D Subroutine 

; Read A/D data 

3C3F 

EEFF 

XRI FF 


; Invert data 

3C41 

57 

M0VD,A 



3C42 

78 

M0VA,B 


; Is B Reg = 0? If not stay 

3C43 

E6FF 

ANI FF 


; in auto zero subroutine 

3C45 

C21A3D 

JNZ Auto-Zero 



3C48 

C33D3D 

JMP Normal 




Note: All numerical values are hexadecimal representations. 

FIGURE 20. Software for Auto-Zeroed Differential A/D 


5.3 Multiple A/D Converters in a Z-80® Interrupt Driven 
Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledged (CPU 
is in interrupt mode 1). Hence, the subroutine starting ad- 
dress of X0038. 

2) The address bus from the Z-80 and the data bus to the Z- 
80 are assumed to be inverted by bus drivers. 

3) A/D data and identifying words will be stored in sequen- 
tial memory locations starting at the arbitrarily chosen ad- 
dress X 3E00. 

4) The stack pointer must be dimensioned in the main pro- 
gram as the RST 7 instruction automatically pushes the 
PC onto the stack and the subroutine uses an additional 
6 stack addresses. 


5) The peripherals of concern are mapped into I/O space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 


00 

MM74C374 8-bit flip-flop 

01 

A/DI 

02 

A/D 2 

03 

A/D 3 

04 

A/D 4 

05 

A/D 5 

06 

A/D 6 

07 

A/D 7 


This port address also serves as the A/D identifying word in 
the program. 
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor 
INTERRUPT SERVICING SUBROUTINE 

SOURCE 


LOC 

OBJ CODE 


STATEMENT 

COMMENT 

0038 

E5 


PUSH HL 

; Save contents of all registers affected by 

0039 

C5 


PUSH BC 

; this subroutine. 

003A 

F5 


PUSH AF 

; Assumed INT mode 1 earlier set . 

003B 

21 00 3E 


LD (HL) ,X3E00 

; Initialize memory pointer where data will be stored 

003E 

OEOl 


LDC, XOl 

; C register will be port ADDR of A/D converters . 

0040 

D300 


OUT XOO, A 

; Load peripheral status word into 8-bit latch. 

0042 

DBOO 


INA, XOO 

; Load status word into accumulator. 

0044 

47 


LDB,A 

; Save the status word. 

0045 

79 

TEST 

LDA,C 

; Test to see if the status of all A/D's have 

0046 

FE 08 


CP, X08 

; been checked. If so , exit subroutine 

0048 

CA 60 00 


JPZ, DONE 


004B 

78 


LDA,B 

; Test a single bit in status word by looking for 

004C 

IF 


ERA 

; a "1" to be rotated into the CARRY (an INT 

004D 

47 


LDB,A 

; is loaded as a ”1") . If CARRY is set then load 

004E 

DA 5500 


JPC, LOAD 

; contents of A/D at port ADDR in C register. 

0051 

OC 

NEXT 

INCC 

; If CARRY is not set , increment C register to point 

0052 

C3 4500 


JP,TEST 

; to next A/D, then test next bit in status word. 

0055 

ED 78 

LOAD 

INA, (C) 

; Read data from interrupting A/D and invert 

0057 

EE FF 


XOR FF 

; the data. 

0059 

77 


LD (HL) ,A 

; Store the data 

005A 

2C 


INCL 


005B 

71 


LD (HL) ,C 

; Store A/D identifier (A/D port ADDR) . 

005C 

2C 


INCL 


005D 

C3 5100 


JP,NEXT 

; Test next bit in status word. 

0060 

FI 

DONE 

POP AF 

; Re-establish all registers as they were 

0061 

Cl 


POPBC 

; before the interrupt. 

0062 

El 


POP HL 


0063 

C9 


RET 

; Return to original program 
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Ordering Information 


TEMP RANGE 

0“CTO70”C 

OX TO 70X 

OX TO 70X 

-40XTO +85X 


± 1/4 Bit 
Adjusted 




ADC0801LCN 

ERROR 

± 1/2 Bit 
Unadjusted 

ADC0802LCWM 

ADC0802LCV 


ADC0802LCN 


± 1/2 Bit 
Adjusted 

ADC0803LCWM 

ADC0803LCV 


ADC0803LCN 


± 1 Bit 

Unadjusted 

ADC0804LCWM 

ADC0804LCV 

ADC0804LCN 

ADC0805LCN 

PACKAGE OUTLINE 

M20B — Small Outline 

V20A— Chip Carrier 

N20A- 

-Molded DIP 


TEMP RANGE 

-40XTO +85X 

-55XTO +125X 

ERROR 

± y 4 Bit Adjusted 
± Va Bit Unadjusted 
± y 2 Bit Adjusted 
± 1 Bit Unadjusted 

ADC0801LCJ 

ADC0802LCJ 

ADC0803LCJ 

ADC0804LCJ 

ADC0801LJ 

ADC0802LJ, 

ADC0802LJ/883 

PACKAGE OUTLINE 

J20A— Cavity DIP 

J20A— Cavity DIP 


Connection Diagrams 


ADC080X 

Dual-ln-Line and Small Outline (SO) Packages 



ADC080X 

Molded Chip Carrier (PCC) Package 


m ffi CQ m m 

o o o a a 



See Ordering Information 
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National Semiconductor 


ADC0808/ADC0809 8-Bit jaP Compatible A/D Converters 

with 8-Ghannel Multiplexer 


General Description 

The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 8-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
Inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16- 
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa- 
tion.) 


Features 

■ Easy interface to all microprocessors 

■ Operates ratiometrically or with 5 Vdc or analog span 
adjusted voltage reference 

■ No zero or full-scale adjust required 

■ 8-channel multiplexer with address logic 

■ OV to 5V input range with single 5V power supply 

■ Outputs meet TTL voltage level specifications 

■ Standard hermetic or molded 28-pin DIP package 

■ 28-pin molded chip carrier package 

■ ADC0808 equivalent to MM74C949 

■ ADC0809 equivalent to MM74C949-1 


Key Specifications 


Resolution 

8 Bits 

Total Unadjusted Error 

±y 2 LSB and ±1 LSB 

Single Supply 

5 Vdc 

Low Power 

15 mW 

Conversion Time 

100 juts 


Block Diagram 

START CLOCK 



ENABLE 

TL/H/5672-1 
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ADC0808/ADC0809 


Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Voltage at Any Pin - 0.3V to (Vcc + 0-3V) 

Except Control Inputs 

Voltage at Control Inputs - 0.3V to + 1 5V 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 


Storage Temperature Range 

-65°C to +150“C 

Package Dissipation at Ta= 25°C 

875 mW 

Lead Temp. (Soldering, 10 seconds) 


Dual-In-Line Package (plastic) 

260"C 

Dual-ln-Line Package (ceramic) 

300“C 

Molded Chip Carrier Package 


Vapor Phase (60 seconds) 

215"C 

Infrared (1 5 seconds) 

220"C 

ESD Susceptibility (Note 11) 

400V 


Operating Conditions (Notes 1 & 2) 

Temperature Range (Note 1) Tmin^Ta^Tmax 

ADC0808CJ - SS'-C ^ Ta ^ + 1 25”C 

ADC0808CCJ, ADC0808CCN, 

ADC0809CCN - 40“C ^ Ta ^ + SS^C 

ADC0808CCV, ADC0809CCV -40°C ^ Ta ^ + 85°C 
Range of Vcc (Note 1 ) 4.5 Vpc to 6.0 Vpc 


Eiectrical Characteristics 

Converter Specifications: Vcc~5 Vdc~Vref+i Vref(— )~GND, Tmin^Ta^T^ax fcLK~343 kHz unless otherwise 
stated. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


ADC0808 

Total Unadjusted Error 
(Note 5) 

25“C 

Tmin to Tmax 



+1 +1 

LSB 

LSB 


ADC0809 

Total Unadjusted Error 
(Note 5) 

0“Cto70°C 

Tmin to Tmax 



±1 

±iy4 

LSB 

LSB 


Input Resistance 

From Ref(+) to Ref(-) 

1.0 

2.5 


kO. 


Analog Input Voltage Range 

(Note4)V( + )orV(-) 




Vdc 

VrEF( + ) 

Voltage, Top of Ladder 

Measured at Ref(+) 


Vcc 

Vcc+0.1 

V 

VreF(+) + VreF(-) 

2 

Voltage, Center of Ladder 


Vcc/2-0.1 

Vcc/2 

Vcc/2 + 0.1 

V 

VreF(-) 

Voltage, Bottom of Ladder 

Measured at Ref(-) 

-0.1 

0 


V 

l|N 

Comparator Input Current 

fc = 640 kHz, (Note 6) 

-2 

±0.5 

2 

/xA 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0808CJ 4.5V ^ Vcc ^ 5.5V, -55 “C^Ta^ + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, ADC0808CCV,, ADC0809CCN and ADC0809CCV, 4.75^ Vcc ^ 5.25V, -40 “C^Ta^ + 85‘’C un- 
less otherwise noted 


Symbol 

Parameter 

Conditions 


Typ 

Max 

Units 

ANALOG MULTIPLEXER 

•OFF( + ) 

OFF Channel Leakage Current 

Vcc = 5V, V|n = 5V, 

Ta = 25°C 

Tmin to Tmax 




nA 

jliA 

lOFF(-) 

OFF Channel Leakage Current 

Vcc=5V,Vin = 0, 

Ta = 25"C 

Tmin to Tmax 




nA 

jliA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V ^Vcc^ 5.5V, -55 “C^Ta^ + 125“C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, ADC0808CCV. ADC0809CCN and ADC0809CCV, 4.75 ^Vcc^ 5.25V, -40 “C^Ta^ +85°C un- 
less otherwise noted 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS 

ViN(1) 

Logical “1 ” Input Voltage 


< 

o 

o 

I 

cn 



V 

V|N{0) 

Logical “0” Input Voltage 




1.5 

V 

hN(1) 

Logical “1 " Input Current 
(The Control Inputs) 

Vin = 15V 



1.0 

ju,A 



o 

II 

2 

> 

-1.0 



\xfK 


Supply Current 

fCLK=640 kHz 


0.3 

3.0 

mA 

DATA OUTPUTS AND EOC (INTERRUPT) 

VoUTd) 

Logical “1 ” Output Voltage 

lo= —360 jbiA 

< 

O 

o 

I 

o 



V 

VOUT(O) 

Logical “0” Output Voltage 

lo = 1.6 mA 



0.45 

V 

VOUT(O) 

Logical “0” Output Voltage EOC 

lo=1.2 mA 



0.45 

V 


TRI-STATE Output Current 

> 

in o 

II II 

-3 



\ik 

/xA 

Electrical Characteristics 

Timing Specifications Vcc=Vref(+) = 5V, Vref(-) = GND, tr=tf=20 ns and Ta= 25”C unless otherwise noted. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tws 

Minimum Start Pulse Width 

(Figure 5) 


100 

200 

ns 

tWALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 

■mu 

Minimum Address Set-Up Time 

(Figures) 


25 

50 

ns 

tH 

Minimum Address Hold Time 

(Figure 5) 



50 

ns 

to 

Analog MUX Delay Time 

From ALE 

Rs=011 (Figures) 


1 

m 


tHi.tHO 

OE Control to Q Logic State 

Cl = 50 pF, Rl = 1 0k (Figure 8) 


125 



tlH. toH 

OE Control to Hi-Z 

Cl = 1 0 pF, Rl = 1 0k (Figure 8) 


125 

250 

ns 


Conversion Time 

fc= 640 kHz, (Figure S) (Note 7) 

90 

100 

116 

jLtS 


Clock Frequency 


10 

640 

1280 

kHz 

fEOC 

EOC Delay Time 

(Figure S) 

0 


8 + 2 juS 

Clock 

Periods 

C|N 

Input Capacitance 

At Control Inputs 


10 

15 

pF 

Gout 

TRI-STATE Output 

Capacitance 

At TRI-STATE Outputs, (Note 1 2) 


10 

15 

pF 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless othewise specified. 

Note 3: A zener diode exists, internally, from Vcc to, GND and has a typical breakdown voltage of 7 Vdc- 

Note 4: Two on-chip diodes are tied to each analog input which will fonward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vccn supply. The spec allows 100 mV fon^vard bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute OVqc to 5Vdc input voltage range will therefore require a minimum supply voltage of 
4.900 Vqc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The output! of the data register are updated one clock cycle before the rising edge of EOC. 

Note 6: Human body model, 100 pF discharged through a 1.5 kn resistor. 


2-53 


ADC0808/ADC0809 



























ADC0808/ADC0809 


Functional Description 

Multiplexer. The device contains an 8-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table I shows the 
input states for the address lines to select any channel. The 
address is latched into the decoder on the low-to-high tran- 
sition of the address latch enable signal. 

TABLE I 


SELECTED 

ANALOG CHANNEL 

ADDRESS LINE 

C 

B 

A 

INO 

L 

L 

L 

IN1 

L 

L 

H 

IN2 

L 

H 

L 

IN3 

L 

H 

H 

IN4 

H 

L 

L 

INS 

H 

L 

H 

IN6 

H 

H 

L 

IN7 

H 

H 

H 


CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the succes- 
sive approximation register, and the comparator. The con- 
verter’s digital outputs are positive true. 

The 256 R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached + Va LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 

The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 a typical example of a 3-blt converter. In the 
ADC0808, ADC0809, the approximation technique is ex- 
tended to 8 bits using the 256R network. 


CONTROLS FROM S.A.R. 



TL/H/5672-2 


2-54 




Functional Description (Continued) 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
Interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 
The most important section of the A/D converter is the 
comparator. It Is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 



FIGURE 2. 3-Bit A/D Transfer Curve 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized comparator 
provides the most effective method of satisfying all the con- 
verter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed throught a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and Input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 



FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


QUANTIZING 

ERROR 


INPUT OV 
VOLTAGE 


REFERENCE LINE 



FIGURE 4. Typical Error Curve 


TL/H/5672-3 
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ADC0808A 


Connection Diagrams 

Dual-ln>Line Package 


1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


21H2“^MSB 


INS- 3 
IN6- 4 
IN7- 5 
START- 6 
EOC- 7 
2 ’ 5 - 8 
OUTPUT ENABLE- 9 
CLOCK- 10 
Vcc- 11 


Order Number ADC0808CCN, ADC0809CCN, 
ADC0808CCJ or ADC0808C J 
See NS Package J28A or N28A 


Molded Chip Carrier Package 


§ g s y 7 V T 

< < 52 < CM <M esi 


25 24 23 22 21 20 19 


INO- 

26 

18 


INI. 

27 

17 

.2"®LSB 

IN2. 

28 

16 


IN3-. 

1 

15 

-2"® 

IN4. 

2 

14 

-2-7 

INS. 

3 

13 

.GND 

IN6. 

4 

12 

-VrefC*) 


8 9 10 11 


i~ o ip ui ^ 


TL/H/5672-12 

Order Number ADC0808CCV or ADC0809CCV 
See NS Package V28A 


Timing Diagram 


COMPARATOR 
INPUT 
(INTERNAL NODE) 




FIGURES 
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Typical Performance Characteristics 



0 1.25 2.5 3.75 5 

V|N (V) 


FIGURE 6. Comparator I|n vs V|n 
(Vcc = Vref=5V) 



TL/H/5672-5 

FIGURE 7. Multiplexer Rqn vs V|n 
(Vcc=Vref=5V) 


TRI-STATE Test Circuits and Timing Diagrams 


tHI 


tlH» CL=10pF 


tH1.CL=50 pF 



tOH» thO 


t0H» Cl=10pF 


tH0» Cl = 50 pF 


OUTPUT 

ENABLE 


Vcc '^CC 



OUTPUT 

ENABLE 


OUTPUT 




FIGURES 
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Applications Information 

OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age Input to the ADC0808 is expressed by the equation 

V|N _ Dx ^ 

Vfs-Vz Dmax-Dmin 
V|N = Input voltage into the ADC0808 
Vfs= Full-scale voltage 
Vz=Zero voltage 
Dx=Data point being measured 
Dmax= Maximum data limit 
Dmin= M inimum data limit 

A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0808, 
ADC0809 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly Into 
the multiplexer Inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if 
Vcc=Vref= 5.12V, then the full-scale range is divided Into 
256 standard steps. The smallest standard step Is 1 LSB 
which is then 20 mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected Into 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches. These limitations are auto- 
matically satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance. If 
a 5.12V is used, the supply should be adjusted to the same 
voltage within 0.1V. 



TL/H/5672-7 


FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference Is readily ac- 
complished. In Figure 11 di ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the milliamp of supply current and the desired bus drive, or If 
a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12, 
The LM301 is overcompensated to insure stability when 
loaded by the 10 p,F output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vcc s^d greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be half the size of a 5V reference system. 



DIGITAL 

OUTPUT 

REFERENCED 

TO 

GROUND 


Qout 


V|N 

Vref 


4.75V ^ Vcc = Vref ^ 5.25V 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


Qout = 


V|N 

Vref 


4.75V ^ Vcc = Vref ^ 5.25V 


TL/H/5672-8 


FIGURE 11: Ground Referenced Conversion System with 
Reference Generating Vcc Supply 
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Applications Information (Continued) 



FIGURE 12. Typical Reference and Supply Circuit 



2.5V 

REFERENCE 



TL/H/5672-9 


FIGURE 13. Symmetrically Centered Reference 


3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N + 1 is given 
by: 

V|N= |(VREF(+)-VREF(-))[^+g|^]±VTUE} +VreF(-) (2) 

The center of an output code N is given by: 

V|n|(VreF( + )-VreF(-))[~] ±Vtue} +Vref(-) (3) 

The output code N for an arbitrary input are the integers 
within the range: 

iyi _ ^ Y L N _ y ^ E F (r J — X 256 ± Absolute Accuracy (4) 

Vref(+)-vref(-) 

where: V|n = Voltage at comparator input 
Vref(+)= Voltage at Ref(+) 

Vref(-)= Voltage at Ref(-) 

Vtue= T otal unadjusted error voltage (typically 
Vref(+)-512) 


4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances. These are 
connected alternately to the output of the resistor ladder/ 
switch tree network and to the comparator input as part of 
the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V|n as shown in Fig- 
ure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran- 
sient created by the capacitance discharge will die out be- 
fore the comparator output Is strobed. 

If Input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. 
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Typical Application 



TL/H/5672-10 


*Acldress latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

8085 

Z-80 

SC/MP 

6800 

MEMR 

RD 

RD 

NRDS 

VMA*4)2«R/W 

MEMW 

WR 

WR 

NWDS 

VMA«4)»R/W 

INTR(Thru RST Circuit) 
INTR(Thru RST Circuit) 

I NT (Thru RST Circuit, Mode 0) 
SA (Thru Sense A) 
TRQAorl]^(ThruPIA) 


Ordering Information 


TEMPERATURE RANGE | 

-40'’Cto +85°C 

-SS^C to +125*0 


± Vi LSB Unadjusted 

ADC0808CCN 

ADC0808CCV 

ADC0808CCJ 

ADC0808CJ 

± 1 LSB Unadjusted 

ADC0B09CCN 

ADC0809CCV 



Package Outline 

N28A Molded DIP 

V28A Molded Chip Carrier 

J28A Ceramic DIP 

J28A Ceramic DIP 
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National Semiconductor 


ADC081 1 8-Bit Serial I/O A/D Converter 
With 11 -Channel Multiplexer 
General Description 


The ADC0811 is an 8-Bit successive approximation A/D 
converter with simultaneous serial I/O. The serial input con- 
trols an analog multiplexer which selects from 11 input 
channels or an internal half scale test voltage. 

An input sample-and-hold is implemented by a capacitive 
reference ladder and sampled data comparator. This allows 
the input signal to vary during the conversion cycle. 
Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 

Features 

■ Separate asynchronous converter clock and serial data 
I/O clock. 

■ 11 -Channel multiplexer with 4-Bit serial address logic. 

■ Built-in sample and hold function. 


Ratiometric or absolute voltage referencing. 

No zero or full-scale adjust required. 

Internally addressable test voltage. 

OV to 5V input range with single 5V power supply. 
TTL/MOS input/output compatible. 

0.3" standard width 20-pin dip or 20-pin molded chip 
carrier 


Key Specifications 

■ Resolution 

■ Total unadjusted error 

■ Single supply 

■ Low Power 

■ Conversion Time 


8-Bits 

± VzLSB and ± 1LSB 
5Vdc 
15 mW 
32 fiS 


Connection Diagrams 

Dual-ln-Line Package 


Functionai Diagram 

Vcc 


CHO — 

1 

20 

"—Vcc 

cm — 

2 

19 

— </>2CLK 

CH2 — 

3 

18 

— ScLK 

CH3 — 

4 

17 

— 01 

CH4 — 

5 

16 

DO 

CHS — 

6 

15 

— CS 

CHS — 

7 

14 

— Vref 

CH7 — 

8 

13 

— AGND 

CHS — 

9 

12 

CH10 

GND — 

10 

11 

— CH9 


Top View 

Molded Chip Carrier (PCC) Package 

SCLK 01 DO CS VflEF 




AGND 


Order Number ADC081 1 J,N,V 
See NS Packages J20A, N20A, V20A 
Use Ordering Information 
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Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) 6.5V 

Voltage 

Inputs and Outputs - 0.3V to Vqc + 0-3V 


Input Current Per Pin (Note 3) 

Total Package Input Current (Note 3) 

Storage Temperature 

Package Dissipation at Ta = 25“C 


±5mA 
±20mA 
-65“Cto +150°C 
875 mW 


Lead Temp. (Soldering, 10 seconds) 


Dual-In-Line Package (plastic) 

260°C 

Dual-ln-Line Package (ceramic) 

300°C 

Molded Chip Carrier Package 


Vapor Phase (60 seconds) 

215°C 

Infrared (15 seconds) 

220°C 

ESD Susceptibility (Note 11) 

2000V 


Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 4.5 Vpc to 6.0 Vqc 

Temperature Range Tmin^Ta^Tmax 


ADC081 1 BCN, ADC081 1 CCN 
ADC0811BCV 

ADC081 1 CCJ, ADC081 1 CCV 


0“C^Ta^70“C 

-40°C^Ta^85“C 

-40“C^Ta^85°C 


Electricai Characteristics 

The following specifications' apply for Vcc == 4.75V to 5.25V, Vref = +4.6V to (Vcc + 0-1 V), (f )2 CLK = 2.097 MHz unless 
otherwise specified. Boldface limits apply from Tmin to T^ax; all other limits Ta = Tj = 25°C. 




ADC0811CCJ 

ADC0811BCN, ADC0811BCV 
ADC0811CCN, ADC081 1CCV 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Maximum Total 

Vref = 5.00 Vdc 








Unadjusted Error 

ADC081 1 BCN, ADC081 1 BCV 

(Note 4) 





±1/2 


LSB 

ADC081 1 CCN, ADC081 1 CCV 






±1 

±1 

LSB 

ADC0811CCJ 



±1 





LSB 

Minimum Reference 


8 



8 



kn 

Input Resistance 



5 



Maximum Reference 

Input Resistance 


8 

11 


8 

11 

11 

kfl 

Maximum Analog Input Range 

(Note 5) 


Vcc + 0.05 



Vcc + 0.05 

Vcc + 0.05 

V 

Minimum Analog Input Range 



GND-0.05 



GND-0.05 

GND-0.05 

V 

On Channel Leakage Current 
ADC081 1 BCJ, CCJ, BCN, CCN, 

On Channel = 5V 


1000 



400 

1000 

nA 

BCV, CCV 

Off Channel = 0V 








ADC0811CJ, BJ 



1000 





nA 

ADC081 1 BCJ, CCJ, BCN, CCN, 

On Channel = 0V 


-1000 



-400 

-1000 

nA 

BCV, CCV 

Off Channel = 5V 








ADC0811BJ, CJ 

(Note 9) 


-1000 





nA 

Off Channel Leakage Current 
ADC081 1 BCJ, CCJ, BCN, CCN, 

On Channel = 5V 


-1000 



-400 

1000 

nA 

BCV, CCV 

Off Channel = 0V 








ADC0811CJ, BJ 



-1000 





nA 

ADC081 1BCJ, CCJ, BCN, CCN, 

On Channel = 0V 


1000 



400 

1000 

nA 

BCV, CCV 

Off Channel = 5V 








ADC0811BJ,CJ 

(Note 9) 


1000 





nA 

Minimum Vjest 

Vref = Vcc, 







(Note 1 0) 

Internal Test Voltage 

CH 1 1 Selected 


125 



125 

125 

Counts 

Maximum Vjest 

Vref = Vcc. 







(Note 10) 

Internal Test Voltage 

CH 1 1 Selected 


130 



130 

130 

Counts 
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Electrical Characteristics 

The following specifications apply for Vcc = 4.75V to 5.25V, Vref = +4.6V to (Vcc + 0.1V), <j )2 CLK = 2.097 MHz unless 
otherwise specified. Boldface limits apply from Tmin to Tmax: other limits Ta = Tj = 25“C. (Continued) 




ADC0811CCJ 

ADC081 1BCN, ADC081 1BCV 
ADC081 1CCN, ADC081 1CCV 


Parameter 

Conditions 

Typical 

(Notes) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 


DIGITAL AND DC CHARACTERISTICS 


V|N(i). Logical “1” Input 

Voltage (Min) 

Vcc = 5.25V 




V|N(o). Logical “0” Input 

Voltage (Max) 

Vcc = 4.75 V 


0.8 


I|N( 1 ), Logical “1” Input 

Current (Max) 

Vin = 5.0V 

0.005 

2.5 


I|N(0). Logical “0” Input 

Current (Max) 

> 

o 

II 

z 

> 

-0.005 

-2.5 




VouT(O). Logical “0” 

Output Voltage (Max) 

Vcc= 5.25V 
•oUT= 1-5 mA 


0.4 


louT. TRI-STATE Output 

VoUT=0V 

-0.01 

-3 


Current (Max) 

Vout=5V 

0.01 

3 


•source. Output Source 

Current (Min) 

VouT=0V 






•sink. Output Sink Current (Min) VouT^Vcc 


Ice. Supply Current (Max) CS = 1, Vref Open 


iREF(Max) Vref=5V 




AC CHARACTERISTICS 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

CLK. ^2 Clock Frequency 

MIN 




1.0 


MAX 

3.0 

2.0 

2.1 

ScLK. Serial Data Clock 

Frequency 

MIN 




5.0 

KHz 


700 

525 

525 

Tc, Conversion Process Time 

MIN 

Not Including MUX 
Addressing and 
Analog Input 
Sampling Times 

48 


48 


MAX 

64 


64 

tAcc. Access Time Delay From CS 

Falling Edge to DO Data Valid 

MIN 




1 

4)2 cycles 




3 
































































Electrical Characteristics 

The following specifications apply for Vcc = 4.75V to 5.25V, Vref = +4.6V to (Vcc + 0.1V), (f )2 CLK = 2.097 MHz unless 
othenA/ise specified. Boldface limits apply from Tmin to Tmax; other limits Ta = Tj = 25°C. (Continued) 


Parameter 

Conditions 

Typicai 
(Note 6) 

Tested 

Limit 

Design 

Limit 

Units 



(Note 7) 

(Note 8) 



AC CHARACTERISTICS (Continued) 


tsDi. Minimum Dl Set-up Time to Sqlk 
R ising Edge 


200 


400 

ns 

tDDO. Maximum Delay From Sqlk 
F alling Edge to DO Data Valid 

RL=30k, 

Cl= 100 pF 

180 

400 

400 

ns 

tiRi, Maximum DO Hold Time, 

(^ Rising edge to DO 
TRI-STATE) 

RL=3k, 

Cl= 100 pF 

90 

150 

150 

ns 

tcA. Analog 

Sampling Time 

After Address Is Latched 
^=Low 



4/Sclk+ 1 fAS 

sec 

tpDO. Maximum DO 

Rl= 30 kfl. 

“TRI-STATE” to “HIGH” State 

75 

150 

150 

ns 

Rise Time 

Cl= 100 pf 

“LOW” to “HIGH” State 

150 

300 

300 

tpDO. Maximum DO 

Rl= 30 kn. 

“TRI-STATE” to “LOW” State 

75 

150 

150 

ns 

Fall Time 

Cl=ioo pf 

“HIGH” to “LOW” State 

150 

300 

300 

C|N, Maximum Input 

Analog Inputs, ANO-AN10 and Vref 

11 


55 

pF 

Capacitance 

All Others 

5 


15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Under over voltage conditions (V|n< 0V and V|n> Vcc) fhe maximum input current at any one pin is ±5 mA. If the voltage at more than one pin exceeds 
Vcc + -SV the total package current must be limited to 20 mA. For example the maximum number of pins that can be over driven at the maximum current level of 
± 5 mA is four. 

Note 4: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct, especially at 
elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vcc to 5 Vqc input voltage range will 
therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Guaranteed and 100% production tested under worst case condition. 

Note 8: Guaranteed, but not 100 % production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Channel leakage current is measured after the channel selection. 

Note 10: 1 count = Vref/256. 

Note 11: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Test Circuits 

Leakage Current Except “TRI-STATE” 

5V 5.0V 





2-65 


ADC0811 




ADC0811 


Test Circuits (Continued) 


tjRi “TRI-STATE” 


TEST 



TL/H/5587-22 


Typicai Performance Characteristics 


Unadjusted Offset Error vs 
Vref Voltage 



Vref (Vdc) 


Linearity Error vs Vref 
V oltage 

1,5 

_1.25 

^ 1.0 
OB 
O 

S 0.75 

a 0-5 

z 

“* 0.25 
0 

0 1 2 3 4 5 

Vref(V) 


1 02=2.1 MHz 

1 Sclk= 525 kHz 



1 Vcc=5V 

1 Ta=25»C 




r 





V 





\ 

















Output Current vs 
Temperature 



Linearity vs Temperature 


0.5 



I 0-3 






'ScLK=S25 kHz 
02=2.1 MHz 






vcc 

= VR 

u 

EF = 

u 








1 

1 

1 







B 

s 

1 


n 





1 

1 

l' 


-25 25 75 125 

TEMPERATURE (°C) 


Linearity vs <j >2 Clock 
Frequency 


SCLK = 

Vcc = 

:525 kli 
i^REF=5 

z 

V 










P 



mi 

s 

m 

IP 

1 


□ 

m 


i 


0 1 2 3 4 5 

4>2 CLK (MHz) 



Power Supply Current 
vs Temperature 



-55 -15 25 65 108 

TEMPERATURE (°C) 


Power Supply Current vs 
<f )2 Clock Frequency 



0 1 2 3 4 5 

02(MHz) 


Resistive Ladder Reference 
Current vs Temperature 






V 

CC=Vref = 5V_ 
02=OV 












SCLM 

-0 

V 



























% 






































-55 -15 25 65 105 

TEMPERATURE (°C) 


TL/H/5587-16 
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Timing Diagrams 


DO “TRI-STATE” Rise & Fall Times DO Low to High State DO High to Low State 



TL/H/5587-13 


Timing with a continuous Sqlk 





2 - 6 ; 
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Timing Diagrams (Continued) 


CS High During Conversion 



TL/H/5587-4 


CS Low During Conversion 



TL/H/5587-5 

Note: DO and Dl lines share the 8-bit I/O shift register(see Functional Block Diagram). Since the MUX address bits are shifted in on Sqlk rising edges while Sclk 
falling edges shift out conversion data on DO, the eighth falling edge of Sqlk will shift out the MSB MUX address bit (A7) on DO. Thus, if addressing channels 
CH8-CH10, a high DO will occur momentarily (one <f )2 clock period) until the 8-bit I/O shift register is cleared by the internal EOC signal. 


Channel Addressing Table 


TABLE I. ADC 0811 Channel Addressing 


I MUX ADDRESS | 

ANALOG CHANNEL 

A7 

Ae 

As 

A4 

As 

A2 

Ai 

Ao 

SELECTED 

0 

0 

0 

0 

X 

X 

X 

X 

CHO 

0 

0 

0 

1 

X 

X 

X 

X 

CH1 

0 

0 

1 

0 

X 

X 

X 

X 

CH2 

0 

0 

1 

1 

X 

X 

X 

X 

CH3 

0 

1 

0 

0 

X 

X 

X 

X 

CH4 

0 

1 

0 

1 

X 

X 

X 

X 

CHS 

0 

1 

1 

0 

X 

X 

X 

X 

CH6 

0 

1 

1 

1 

X 

X 

X 

X 

CH7 

1 

0 

0 

0 

X 

X 

X 

X 

CHS 

1 

0 

0 

1 

X 

X 

X 

X 

CH9 

1 

0 

1 

0 

X 

X 

X 

X 

CH10 

1 

0 

1 

1 

X 

X 

X 

X 

Vtest 

1 

1 

X 

X 

X 

X 

X 

X 

LOGIC TEST MODE* 


* Analog channel inputs CHO thru CH3 are logic outputs 
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Functional Block Diagram 
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Functional Description 

1.0 DIGITAL INTERFACE 

The ADC081 1 uses five input/output pins to implement the 
serial Interface. Taking chip select (CS) low enables the I/O 
data lines (DO and Dl) and the serial clock input (Sclk)- The 
result of the last conversion is transmitted by the A/D on the 
DO line, while simultaneously the Dl line receives the ad- 
dress data that selects the mux channel for the next conver- 
sion. The mux address is shifted in on the rising edge of 
Sclk the conversion data is shifted out on the falling 
edge. It takes eight Sqlk cycles to complete the serial I/O. 
A second clock (<(> 2 ) controls the SAR during the conversion 
process and must be continuously enabled. 

1.1 CONTINUOUS Sclk 

With a continuous Sclk input CS must be used to synchro- 
nize the serial data exchange (see Figure 1). The ADC081 1 
recognizes a valid ^ one to three <^2 dock periods after 
the actual falling edge of This is implemented to ensure 
noise immunity of the CS signal: Any spikes on CS less than 
one 4)2 clock period will be ignored. CS must remain low 
during the complete I/O exchange which takes eight Sclk 
cycles. Although CS is not immediately acknowledged for 
the purpose of starting a new conversion, the falling edge of 
CS immediately enables DO to output the MSB (D7) of the 
previous conversion. 

The first Sclk rising edge will be acknowledged after a set- 
up time (tset-up) has elapsed from the falling edge of 
This and the following seven Sclk rising edges will shift in 
thechanneladdressforthe analog multiplexer. Since thereare 
12 channels only four address bits are utilized. The first four 
Sclk cycles clock in the mux address, during the next four 
Sclk cycles the analog input is selected and sampled. During 


this mux address/sample cycle, data from the last conver- 
sion is also clocked c^on DO. Since D7 was clocked out 
on the falling edge of CS only data bits D6-D0 remain to be 
received. The following seven falling edges of Sclk shift out 
this data on DO. 

The 8th Sclk falling edge initiates the beginning of the A/D’s 
actual conversion process whjch takes between 48 to 64 4>2 
cycles (Tc). During this time ^ can go high to TR I -STATE 
DO and disable the Sclk input or it can remain low. If CS is 
held low a new I/O exchange will not start until the conver- 
sion sequence has been completed, however once the con- 
version ends serial I/O will immediately begin. Since there is 
an ambiguity in the conversion time (Tc) synchronizing the 
data exchange is impossible. Therefore CS should go high 
before the 48th 4>2 clock has elasped and return low after 
the 64th 4>2 fo synchronize serial communication. 

A conversion or I/O operation can be aborted at any time by 
strobing CS. If CS is high or low 1^ than one 4>2 clock it will 
be ignored by the A/D. If the CS is strobed high or low 
between 1_to 3 4>2 clocks the A/D may or may not respond. 
Therefore CS must be strobed high or low greater than 3 4*2 
clocks to ensure recognition. If a conversion or I/O ex- 
change is aborted while In process the consequent data 
output will be erroneous until a complete conversion se- 
quence has been implemented. 

1.2 DISCONTINUOUS Sclk 

Another way to accomplish synchronous serial communica- 
tion is to tie CS low continuously and disable Sclk affer ifs 
8th falling edge (see Figure 2). Sclk f^iust remain low for 



FIGURE 1 


TL/H/5587-18 



FIGURE 2 


TL/H/5587-19 
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Functional Description (Continued) 

at least 64 (f )2 clocks to insure that the A/D has completed 
its conversion. If Sclk is enabled sooner, synchronizing to 
the data output on DO is not possible since an end of con- 
version signal from the A/D is not available and the actual 
conversion time is not known. With CS low during the con- 
version time (64 cf )2 max) DO will go low after the eighth 
falling edge of Sclk ^nd remain low until the conversion is 
completed. Once the conversion is through DO will transmit 
the MSB. The rest of the data will be shifted out once Sclk 
is enabled as discussed previously. 

If CS goes high during the conversion sequence DO is tri- 
stated, and the result is not affected so long as CS remains 
high until the end of the conversion. 

1.2 MULTIPLEXER ADDRESSING 

The four bit mux address is shifted, MSB first, into Dl. Input 
data corresponds to the channel selected as shown in table 
1 . Care should be taken not to send an address greater than 
or equal to twelve (11 XX) as this puts the A/D in a digital 
testing mode. In this mode the analog inputs CHO thru CH3 
become digital outputs, for our use in production testing. 

2.0 ANALOG INPUT 

2.1 THE INPUT SAMPLE AND HOLD 

The ADC081 1 ’s sample/hold capacitor is implemented in its 
capacitive ladder structure. After the channel address is re- 
ceived, the ladder is switched to sample the proper analog 
Input. This sampling mode is maintained for 1 jasec after the 


eighth Sclk falling edge. The hold mode is initiated with the 
start of the conversion process. An acquisition window of 
4tscLK'i'^ jLisec is therefore available to allow the ladder 
capacitance to settle to the analog input voltage. Any 
change in the analog voltage before or after the acquisition 
window will not effect the A/D conversion result. 

In the most simple case, the ladder’s acquisition time is de- 
termined by the Ron (3K) of the multiplexer switches and the 
total ladder capacitance (90pf). These values yield an acqui- 
sition time of about 2 jasec for a full scale reading. There- 
fore the analog input must be stable for at least 2 jasec 
before and 1 jasec after the eighth Sclk falling edge to 
ensure a proper conversion. External input source resist- 
ance and capacitance will lengthen the acquisition time and 
should be accounted for. 

Other conventional sample and hold error specifications are 
included in the error and timing specs of the A/D. The hold 
step and gain error sample/ hold specs are taken into ac- 
count in the ADCOSII’s total unadjusted error, while the 
hold settling time is included in the A/D’s max conversion 
time of 64 (j >2 clock periods. The hold droop rate can be 
thought of as being zero since an unlimited amount of time 
can pass between a conversion and the reading of data. 
However, once the data is read it is lost and another conver- 
sion is started. 


Typical Applications 


ADC0811-INS8048 INTERFACE 





ELEVEN ANALOG 
INPUTS 


TL/H/5587-21 
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ADC0811 FUNCTIONAL CIRCUIT 
5V 



Ordering Information 


1 Temperature Range | 

0"C to 70^ 

-40"C to +85'’C 

Total Unadjusted 
Error 

± 1/2 LSB 

ADC0811BCN 

ADC0811BCV 

±1 LSB 

ADC0811CCN 

ADC0811CCJ 

ADC0811CCV 

1 Package Outline | 

N20A 

J20A, V20A 
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Na tional 


Semiconductor 


ADC0816/ADC0817 8-Bit jaP Compatible A/D Converters 
with 16-Channel Multiplexer 


General Description 

The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 16-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 1 6-channel multiplexer can 
directly access any one of 1 6-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig- 
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
A/D converter. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized . 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi- 
lar performance in an 8-channel, 28-pln, 8-bit A/D convert- 
er, see the ADC0808, ADC0809 data sheet. (See AN-258 
for more information.) 


Features 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Operates ratiometrically or with 5 Vdc or analog span 
adjusted voltage reference 

■ 16-channel multiplexer with latched control logic 

■ Outputs meet TTL voltage level specifications 

■ OV to 5V analog input voltage range with single 5V sup- 
ply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 40-pin DIP package 

■ Temperature range — 40°C to +85‘’C or — 55°C to 
+ 125°C 

■ Latched TRI-STATE output 

■ Direct access to “comparator in” and “multiplexer out” 
for signal conditioning 

■ ADC0816 equivalent to MM74C948 

■ ADC0817 equivalent to MM74C948-1 

key Specifications 

■ Resolution 8 Bits 

■ Total Unadjusted Error ±y 2 LSB and ±1 LSB 

■ Single Supply 5 Vdc 

■ Low Power 1 5 mW 

■ Conversion Time 1 00 jus 


Biock Diagram 
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Absolute Maximum Ratings (Notes i &2) 


If Military /Aerospace specified devices are required, ESD Susceptibility (Note 9) 400V 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. OpBrStlHQ ConditiOnS (Notes 1 & 2) 


Supply Voltage (Vcc) (Note 3) 

6.5V 

T emperature Range (Note 1 ) 

Tmin^Ta^Tmax 

Voltage at Any Pin 

-0.3V to (Vcc + 0.3V) 

ADC0816CCJ, ADC0816CCN, 

-40“C^Ta^+85‘’C 

Except Control Inputs 


ADC0817CCN 


Voltage at Control Inputs 

-0.3V to 15V 

Range of Vcc (Note 1) 

4.5 Vdc fO 6.0 Vdc 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 

Voltage at Any Pin 

OV to Vcc 

ADD A, ADD B, ADD C, ADD D) 


Except Control Inputs 

Storage Temperature Range 

-65*^0 + 150“C 

Voltage at Control Inputs 

0Vto15V 

Package Dissipation atTA = 25“C 

875 mW 

(START, OE. CLOCK, ALE, EXPANSION CONTROL. 

Lead Temp. (Soldering, 10 seconds) 


ADD A, ADD B, ADD C, ADD D) 


Dual-ln-Line Package (Plastic) 

260‘’C 



Dual-ln-Line Package (Ceramic) 
Molded Chip Carrier Package 

300*C 



Vapor Phase (60 seconds) 

215‘*C 



Infrared (15 seconds) 

220"C 



Electrical Characteristics 




Converter Specifications: Vcc=5 Vdc= Vref(+). Vref(-)=GND, V|n= Vcomparator in Tmin^Tmax and fcLK = 640 kHz 
unless othenvise stated. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


ADC0816 

Total Unadjusted Error 
(Note 5) 

25"C 

TMINtoTMAX 



-H -H 

LSB 

LSB 


ADC0817 

Total Unadjusted Error 
(Note 5) 

0"Cto70"C 

TminIoTmax 



±1 

±1V4 

LSB 

LSB 


Input Resistance 

From Ref(+) to Ref(-) 

1.0 

4.5 


kn 


Analog Input Voltage Range 

(Note4)V(+)orV(-) 

GND-0.10 


Vcc+0.10 

Vdc 

VrEF( + ) 

Voltage, Top of Ladder 

Measured at Ref(+) 


Vcc 

Vcc + O'! 

V 

VrEF( + ) + VreF(-) 

2 

Voltage, Center of Ladder 





V 

VrEF(-) 

Voltage, Bottom of Ladder 

Measured at Ref(-) 

-0.1 

0 


V 


Comparator Input Current 

fc=640 kHz, (Note 6) 

-2 

±0.5 

2 

]aA 


Electrical Characteristics 

DigitalLevelsandDCSpecifications:ADC0816CCJ,ADC0816CCN,ADC0817CCN— 4.75V^Vcc^5.25V,-40°C^Ta^+85°C 
unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ANALOG MULTIPLEXER | 

Ron 

Analog Multiplexer ON 

(Any Selected Channel) 






Resistance 

Ta= 25‘’C, RL=10k 


1.5 

3 

ka 



Ta=85‘’C 



6 

kn 



Ta=125*C 



9 

kn 

aRon 

AON Resistance Between Any 

(Any Selected Channel) 


75 


n 


2 Channels 

RL=10k 





IOFF + 

OFF Channel Leakage Current 

Vcc=5V,V|n = 5V, 
Ta=25“C 


10 

200 

nA 



Tmin'oTmax 



1.0 

julA 

lOFF(-) 

OFF Channel Leakage Current 

Vcc=5V.V|n = 0, 

Ta = 25“C 

-200 



nA 



TMINtoTMax 

-1.0 



jllA 

CONTROL INPUTS | 

V|N(1) 

Logical “1” Input Voltage 


Vcc- 1.5 

' 


V 

V|N(0) 

Logical “0” Input Voltage 




1.5 

V 
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Electrical Characteristics (Continued) 

DlgitalLevelsandDCSpecifications:ADC0816CCJ,ADC0816CCN,ADC0817CCN— 4.75V^Vcc^5.25V,-40“C^Ta^+85“C 
unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS (Continued) 

hN(i) 

Logical “1 ” Input Current 
(The Control Inputs) 

V|n = 15V 



1.0 

jaA 

■lN(0) 

Logical “0” Input Current 
(The Control Inputs) 

V|N = 0 

-1.0 



jliA 

•cc 

Supply Current 

fCLK = 640 kHz 


0.3 

3.0 

mA 


DATA OUTPUTS AND EOC (INTERRUPT) 


VoUT(1) 

Logical “1 ” Output Voltage 

lo-360 /xA,Ta= 85"C 
lo=-300 jaA,TA=125"C 

< 

o 

o 

I 

o 



V 

VOUT(O) 

Logical “0” Output Voltage 

lo=1.6 mA 



0.45 

V 

VOUT(O) 

Logical “0” Output Voltage EOC 

lo = 1.2 mA 



0.45 

V 

•out 

TRI-STATE Output Current 

Vo==Vcc 



3.0 

jxA 



Vo = 0 

-3.0 



fiA 


Eiectricai Characteristics 

Timing Specifications: Vcc=Vref(+) = 5V, Vref(-) = GND, tr=tf=20 ns and Ta= 25‘’C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tws 

Minimum Start Pulse Width 

(F/^ry/-e5;(Note7) 


100 

200 

ns 

tWALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 

ts 

Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

Th 

Minimum Address Hold Time 

(Figure 5) 



50 

ns 

to 

Analog MUX Delay Time 
from ALE 

Rs = 00,(Figure 5) 


■ 

2.5 

julS 

tHI.tHO 

OE Control to Q Logic State 

Cl= 50 pF, Ri_= 10k (Figure 8) 



250 

ns 

h H, toH 

OE Control to Hi-Z 

Cl = 1 0 pF, Ri_= 1 0k (Figure 8) 



250 

ns 

tc 

Conversion Time 

fc = 640 kHz. (Figure 5) (Note 8) 

90 


116 

jaS 

fc 

Clock Frequency 


10 

640 

1280 

kHz 

tEOC 

EOC Delay Time 

(Figure 5) 

0 


8 + 2jaS 

Clock 

Periods 

C|N 

Input Capacitance 

At Control Inputs 


10 

15 

pF 

Gout 

TRI-STATE Output 

Capacitance 

At TRI-STATE Outputs (Note 8) 


10 

15 

pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vdc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vcc supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 
4.900 Vdc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figured. None of these A/Ds requires a zero or full-scale adjust. However, if an 
all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages can be 
adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: If start pulse is asynchronous with converter clock or If fc > 640 kHz, the minimum start pulse width is 8 clock periods plus 2 jas. For synchronous operation 
at fc ^ 640 kHz take start high within 100 ns of clock going low. 

Note 8: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 

Note 9: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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Functional Description 

Multiplexer: The device contains a 16-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Tab|e 1 shows the 
input states for the address line and the expansion control 
line to select any channel. The address is latched into the 
decoder on the low-to-high transition of the address latch 
enable signal. 

TABLE 1 


Selected 

Analog Channel 

Address Line 

Expansion 

Control 

D 

c 

B 

A 

INO 

L 

L 

L 

L 

H 

INI 

L 

L 

L 

H 

H 

IN2 

L 

L 

H 

L 

H 

INS 

L 

,L 

H 

H 

H 

IN4 

L 

H 

L 

L 

H 

INS 

L 

H 

L 

H 

H 

IN6 

L 

H 

H 

L 

H 

IN7 

L 

H 

H 

H 

H 

IN8 

H 

L 

L 

L 

H 

IN9 

H 

L 

L 

H 

H 

IN10 

H 

L 

H 

L 

H 

IN11 

H 

L 

H 

H 

H 

IN12 

H 

H 

L 

L 

H 

IN13 

H 

H 

L 

H 

H 

IN14 

H 

H 

H 

L 

H 

INIS 

H 

H 

H 

H 

H 

All Channels OFF 

X 

X 

X 

X 

L 


X= don’t care 


Additional single-ended analog signals can be multiplexed 
to the A/D converter by disabling all the multiplexer inputs 
using the expansion control. The additional external signals 
are connected to the comparator input and the device 
ground. Additional signal conditioning (i.e., prescaling, sam- 
ple and hold, instrumentation amplification, etc.) may also 
be added between the analog input signal and the compara- 
tor input. 

CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed to 
give fast, accurate, and repeatable conversions over a wide 
range of temperatures. The converter is partitioned into 3 
major sections: the 256R ladder network, the successive 
approximation register, and the comparator. The converter’s 
digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of Its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
. cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached + Yz LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 


CONTROLS FROM S.A.R. 
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A/0 OUTPUT COOE 


FULL-SCALE 
ERROR = 1/2 LSB 


[-^NONLINEARITY = 1/2 LSB 

010 r-|— 

— ! h*- NONLINEARITY = -1/2 LSB 

001 .r-jJ 

-*-1 ZERO ERROR = -1/4 LSB 

000 LJ V,N 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


INFINITE RESOLUTION 
"PERFECT CONVERTER 


- IDEAL 3-8IT CONVERTER 


II unadjustedH.15^j 

ERROR I 

10 -1 LSB 
[—ABSOLUTE 

11 nM ACCURACY 

0 -1/2 LSB 

y -H QUANTIZATION 
" ERROR 

10 .Vii 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


■M/2 LSB TOTAL UNADJUSTED ERROR - 


-REFERENCE LINE 


“Sjiliillll 

INPUT OV 

VOLTAGE “ “ 

-1/2 LSB TOTAL UNADJUSTED ERROR - 


FIGURE 4. Typical Error Curve 


Timing Diagram 



MULTIPLEXER 

OUT 
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The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0816, ADC0817, the approximation technique is ex- 
tended to 8 bits using the 256R network. 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used In this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 


The most important section of the A/D converter is the 
comparator. It Is this section which Is responsible for the 
ulimate accuracy of the entire converter. It is also the com- 
parator drift which has the greatest Influence on the repeat- 
ability of the device. A chopper-stabilized comparator pro- 
vides the most effective method of. satisfying all the convert- 
er requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-1 79. 


Connection Diagram 


Dual-ln-Package 



Order Number ADC0816CCN, ADC0817CCN, 
ADC0816CCJ or ADC0816CJ 
See NS Package Number J40A or N40A 
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Typical Performance Characteristics 



0 1.2S 2.5 3.75 5 


V,n(V) 

FIGURE 6. Comparator I|n vs V|n 
(Vcc = Vref=5V) 



FIGURE 7. Multiplexer Rqn vs V|n 
(Vcc = Vref=5V) 


TRI-STATE Test Circuits and Timing Diagrams 




tiH, Cl=10pF 


*hi*Cl=50pF 


OUTPUT 

ENABLE 


Vcc 



*0Hf *H0 


OUTPUT 

ENABLE 


OUTPUT 



W Cl = 10pF 




TL/H/5277-9 


^ho»Cl = 50 PF 
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Applications Information 

OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC081 6 is expressed by the equation 
V|N _ Dx 
Vfs-Vz Dmax~Dmin 

V|N = Input voltage into the ADC0816 
Vfs = Full-scale voltage 
Vz = Zero voltage 
Dx = Data point being measured 
Dmax = Maximum data limit 
Dmin = Minimum data limit 

A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC081 6, 
ADC0817 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, {Figure 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example. If Vcc = Vref = 
5.12V, then the full-scale range is divided into 256 standard 
steps. The smallest standard step is 1 LSB which is then 20 
mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches These limitations are auto- 
maticaly satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V reference is used, the supply should be adjusted to 
the same voltage within 0.1V. 



FIGURE 9. Ratiometric Conversion System 


TL/H/5277-1 1 


2-80 



Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 11a ground references system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the millliamp of supply current and the desired bus drive, or 
if a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 julF output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vcc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
to be half the size of the LSB in a 5V reference system. 



FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 


TL/H/5277-12 



FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vcc Supply 


TL/H/5277-13 
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Applications Information (Continued) 


10-ISVoC 



5V 



FIGURE 13. Symmetrically Centered Reference 


TL/H/5277-15 


3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N -f- 1 is 
given by: 

V|N= {(VREF(+)-VREF(-))[^+g|^] ±Vtue} +VreF(-) (2) 

The center of an output code N is given by: 

V|N“ |(VreF(+)-VreF(-))[^] ±Vtue] +VreF(-) (3) 


The output code N for an arbitrary input are the integers 
within the range: 

^REF(-) — X 256 ± Absolute Accuracy (4) 

Vref(+)-Vref(-) 

where: V|n = Voltage at comparator input 
Vref = Voltage at Ref(+) 

Vref = Voltage at Ref(-) 

Vtue = Total unadjusted error voltage (typically 
Vref( + ) -512) 
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Applications Information (Continued) 

4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances These are con- 
nected alternately to the output of the resistor ladder/switch 
tree network and to the comparator input as part of the 
operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V|n as shown in Fig- 
ure 6. 

Typicai Application 


If no filter capacitors are used at the analog or comparator 
Inputs and the signal source impedances are low, the com- 
parator input current should not introduce converter errors, 
as the transient created by the capacitance discharge will 
die out before the comparator output is strobed. 

If Input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. See AN-258 for further discussion. 



♦Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 


TL/H/5277-16 


Microprocessor Interface Table 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 


WR 

INTR (Thru RST Circuit) 

Z-80 


Wr 

INT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA*<|) 2«R/W 

VMA*Q2«R7W 

]R^orTRQB(Thru PIA) 


Ordering Information 


TEMPERATURE RANGE 

-40“Cto TSS^C 

Error 

± Vz Bit Unadjusted 

ADC0816CCN 

ADC0816CCJ 

±1 Bit Unadjusted 

ADC0817CCN 


Package Outline 

N40A Molded DIP 

J40A Hermetic DIP 
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National Semiconductor 


ADC0819 8-Bit Serial I/O A/D Converter 
with 19-Channel Multiplexer 


General Description 

The ADC0819 is an 8-Bit successive approximation A/D 
converter with simultaneous serial I/O. The serial input con- 
trols an analog multiplexer which selects from 19 input 
channels or an Internal half scale test voltage. 

An input sample-and-hold is implemented by a capacitive 
reference ladder and sampled data comparator. This allows 
the input signal to vary during the conversion cycle. 
Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 

Features 

■ Separate asynchronous converter clock and serial data 
I/O clock. 

■ 1 9-Channel multiplexer with 5-Bit serial address logic. 

■ Built-in sample and hold function. 


■ Ratiometric or absolute voltage referencing. 

■ No zero or full-scale adjust required. 

■ Internally addressable test voltage. 

■ OV to 5V input range with single 5V power supply. 

■ TTL/MOS input/output compatible. 

■ 28-pin molded chip carrier or 28-pin molded DIP 

Key Specifications 

■ Resolution 8-Bits 

■ Total unadjusted error ± y 2 LSB and ± 1LSB 

■ Single supply SVpc 

■ Low Power 15 mW 

■ Conversion Time 1 6 /xs 


Connection Diagrams Functional Diagram 


Molded Chip Carrier (PCC) Package 


S 18 



TL/H/9287-1 

Top View 

Order Number ADC0819BCV, CCV 
See NS Package Number V28A 


Duai-ln-Line Package 


CHO- 

1 

28 

-Vcc 

CHI- 

2 

27 

-♦2CLK 

CH2- 

3 

26 

-SCLK 

CH3- 

4 

25 

-01 

CH4- 

5 

24 

-DO 

CHS- 

6 

23 

-CS 

CH6- 

7 

22 

-VreK*) 

CH7- 

8 

21 

-VreK") 

CH8- 

9 

20 

-CH18 

CH9- 

10 

19 

-CH17 

CH10- 

11 

18 

-CHI 6 

CH11- 

12 

17 

-CH15 

CH12- 

13 

16 

-CH14 

GND- 

14 

15 

-CH13 


TL/H/9287-20 

Top View 

Order Number ADC0819BCN, CIN 
See NS Package Number N28B 


Vcc 

|28 



GND 


TL/H/9287-2 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 

please contact the National Semiconductor Sales Dual-ln-Line Package (Plastic) 260°C 

Office/Distributors for availability and specifications. Surface Mount Package 

Supply Voltage (Vcc) 6.5V Vapor Phase (60 sec.) 215°C 

yo\Xage Infrared (1 5 sec.) 220°C 

Inputs and Outputs —0.3V to Vcc +0.3V Susceptibility (Note 11) 2000V 

InputCurrentPer Pin (Note3) ±5mA 

Total Package Input Current (Note 3) ±20mA Operating Ratings (Notes 1 & 2) 

Storage Temperature -65»C to + 1 50"C 

PackageDissipationatTA=25«C 875mW Temperature Range Tmin ^ ^ Tmax 

ADC0819BCV,ADC0819CCV -40‘'C ^ Ta ^ +85°C 

ADC081 9BCN 0°C S Ta i + 70°C 

ADC0819CIN -40*C ^ Ta ^ +85°C 

Electrical Characteristics 

The following specifications apply for Vcc = 5V, Vref = 5V, <^2 CLK = 2.097 MHz unless otherwise specified. Boldface limits 
apply from Tmin to Tmax; all other limits Ta = Tj = 25“C. 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

1 CONVERTER AND MULTIPLEXER CHARACTERISTICS | 

Maximum Total 

Unadjusted Error 
ADC0819BCV, BCN 
ADC0819CCV, GIN 

Vref = 5.00 Vdc 
(N ote 4) 


±V2 

±^ 

±72 

±1 

LSB 

LSB 

Minimum Reference 

Input Resistance 


8 


5 

ka 

Maximum Reference 

Input Resistance 


8 

11 

11 

ka 

Maximum Analog Input Range 

(Note 5) 


Vcc + 0.05 

Vcc + 0.05 

V 

Minimum Analog Input Range 



GND-0.05 

GND-0.05 

V 

On Channel Leakage Current 

(Note 9) 

On Channel = 5V 

Off Channel = 0V 


400 

1000 

nA 

On Channel = 0V 

Off Channel = 5V 
(Note 9) 


-400 

-1000 

nA 

Off Channel Leakage Current 

(Note 9) 

On Channel = 5V 

Off Channel = 0V 


-400 


nA 

On Channel = 0V 

Off Channel = 5V 
(Note 9) 


400 

1000 

nA 

Minimum Vjest 

Internal Test Voltage 

Vref=Vcc. 

CH 19 Selected 


125 

125 

(Note 10) 
Counts 

Maximum Vjest 

Internal Test Voltage 

Vref = V cc. 

CH 19 Selected 


130 

130 

(Note 10) 
Counts 

1 DIGITAL AND DC CHARACTERISTICS | 

V|N(i), Logical “1” Input 

Voltage (Min) 

Vcc= 5.25V 


2.0 

2.0 

V 

V|N( 0 ). Logical “0” Input 

Voltage (Max) 

Vcc= 4.75V 


0.8 

0.3 

V 

llN(i), Logical “1” Input 

Current (Max) 

V|n = 5.0V 

0.005 

2.5 

2.5 

jllA 

l|N(0). Logical “0” Input 

Current (Max) 

> 

0 

II 

z 

> 

-0.005 

-2.5 

-2.5 

jllA 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = 5V, Vref = 5V, <j >2 CLK = 2.097 MHz unless otherwise specified. Boldface limits 
apply from Tmin to Tmax; all other limits Ta = Tj = 25“C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

DIGITAL AND DC CHARACTERISTICS (Continued) 

VoUT(i). Logical “1” 

Output Voltage (Min) 

Vcc = 4.75V 
l0UT= “360 jliA 


2.4 

2.4 

V 


l0UT= “10 M-A 


4.5 

4.5 

V 

VoiJT(O). Logical “0” 

Vcc = 5.25V 


0 4 

0 4 

y 

Output Voltage (Max) 

IoUT= 1-6 iTfiA 





louT. TRI-STATE Output 

VoUT=0V 

-0.01 

-3 

-3 

jliA 

Current (Max) 

Vout = 5V 

0.01 

3 

3 

jaA 

ISOURCE. Output Source 

Current (Min) 

VoUT = 0V 

-14 

-6.5 

-6.5 

mA 

IsiNK. Output Sink Current (Min) 

VoUT=Vcc 

16 

8.0 

8.0 

mA 

Ice. Supply Current (Max) 

CS= 1 , Vref Open 

1 

2.5 

2.5 

mA 

Iref (Max) 

Vref = 5V 

0.7 

1 

1 

mA 


AC CHARACTERISTICS 


Parameter 

Conditions 

Typicai 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 

(Notes) 

Units 

4>2 CLK. <f>2 Clock Frequency 

MIN 


0.70 


1.0 

MHz 

MAX 

4.0 

2.0 

2.1 

ScLK. Serial Data Clock 

Frequency 

MIN 




5.0 

KHz 

MAX 

1000 

525 

525 

Tc, Conversion Process Time 

MIN 

Not Including MUX 
Addressing and 
Analog Input 
Sampling Times 

26 


26 

4>2 cycles 

MAX 

32 


32 

tAcc. Access Time Delay From ^ 

Falling Edge to DO Data Valid 

MIN 




1 

<f >2 cycles 

MAX 



3 

1SET-UP. Minimum Set-up Time of CS Falling 

Edge to Sclk Rising Edge 


■ 

!■ 



IrUs. ^ Hold Time After the Falling 

Edge of Sclk 




0 


t Total CS Low Time 






sec 




t^(min) + 26/(|>2CLK 

sec 

tiHDi. Minimum Dl Hold Time from 

Sclk Rising Edge 


0 


0 

ns 

tHDO. Minimum DO Hold Time from Sclk 

Falling Edge 

RL=30k, 

Cl=100 pF 



10 

ns 

tsDi. Minimum Dl Set-up Time to Sclk 

Rising Edge 


200 


400 

ns 

toDO. Maximum Delay From Sclk 

Falling Edge to DO Data Valid 


180 

200 

250 

ns 

tTRi, Maximum DO Hold Time, 

(^ Rising edge to DO TRI-STATE) 

RL=3k. 

Cl= 100 pF 

90 

150 

150 

ns 
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Electrical Characteristics The following specifications apply for Vcc = 5V, tr=tf=20 ns, Vref = 5V, unless 
otherwise specified. Boldface limits apply from Twin to TmaxI all other limits Ta=Tj = 25‘’C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 


tcA. Analog 

Sampling Time 

After Address Is Latched 

CS=Low 



3/Sclk+ 

sec 

tRDO. Maximum DO 

Rl= 30 kn, 

“TRI-STATE” to “HIGH” State 

75 

150 

150 

ns 

Rise Time 

Cl= 100 pf 

“LOW” to “HIGH” State 

150 

300 

300 

tpDO. Maximum DO 

Rl = 30 kfl, 

“TRI-STATE” to “LOW” State 

75 

150 

150 


Fall Time 

Cl=ioo pf 

“HIGH” to “LOW” State 

150 

300 

300 

C|fyj, Maximum Input 

Analog Inputs, ANO-AN10 and Vrer 

11 


55 


Capacitance 

All Others 

5 


15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Under over voltage conditions (Virg<OV and V|n> Vcc) the maximum input current at any one pin is ±5 mA. If the voltage at more than one pin exceeds 
Vcc + -SV the total package current must be limited to 20 mA. For example the maximum number of pins that can be over driven at the maximum current level of 
±5 mA is four. 

Note 4: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct, especially at 
elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vpc to 5 Vdc input voltage range will 
therefore require a minimum supply voltage of 4.950 Vqc over temperature variations. Initial tolerance and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design Limits are guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Channel leakage current is measured after the channel selection. 

Note 10: 1 count = Vref/256. 

Note 11: Human body model; 100 pF discharged through a 1.5 kn resistor. 


Test Circuits 

Leakage Current 

5V 



tTRi “TRI-STATE” 


TEST 



TL/H/9287-5 


DO Except “TRI-STATE” 


5.0V 



Timing Diagrams 

DO “TRI-STATE” Rise & Fall Times 



TL/H/9287-6 
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Timing Diagrams (Continued) 

DO Low to High State DO High to Low State 



— 

tfiDO 



-^tpoo 

DO 

3 

R"4V 

ro.4v 

DO 


ir0.4V 


TL/H/9287-7 


Data Input and Output Timing 



TL/H/9287-9 


Timing with a continuous Sclk 



*Strobing CS High and Low will abort the present conversion and initiate a new serial I/O exchange. 


TL/H/9287-10 


Timing with a gated Sclk and CS Continuously Low 


Sclk ^ 

k- DATA I/O EXCHANGE CYCLE— 

-^CONVERSION PROCESS-^ 


C§ (LOW) 




h Tc- ► 


DO 07 


07 
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Using CS To TRI-STATE DO 



Not#: Strobing CS Low during this time interval will abort the conversion in process. 
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Timing Diagrams (Continued) 


CS High During Conversion 


tCA 

_ CHANNEL _ 
ACQUISITION 
(MIN) 


SHin RESULT OUT _ 
~ AND NEW ADDRESS IN 


< iFinnFinrnFi n n n n r innrnnnnni 


Dl XA7XA6)fA5lf A4XA3 
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CS Low During Conversion 


tCA 

CHANNEL 
ACQUISITION ■ 
(MIN) 


SHIFT RESULT DUT 
~ AND NEW ADDRESS IN 


iRFiFiFinniRF i F inrnFinnnin 


'D©©©©GXIXDOCZZII^!IZI^IXiXHXHXi)CXIXI)C 


DO — <D7)f D6XD5lf D4|f D3 if D2]f DllfDO] 


r D7 ir D6 V D5 X D4 X D3 ¥ 02 X Dl X DO J 


Channel Addressing Table 


TABLE I. ADC 0819 Channel Addressing 


ANALOG 

CHANNEL 

SELECTED 


MUX ADDRESS 

Ay 

As 

As 

A 4 

A 3 

A2 

Ai 

Aq 

0 

0 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

1 

X 

X 

X 

0 

0 

0 

1 

0 

X 

X 

X 

0 

0 

0 

1 

1 

X 

X 

X 

0 

0 

1 

0 

0 

X 

X 

X 

0 

0 

1 

0 

1 

X 

X 

X 

0 

0 

1 

1 

0 

X 

X 

X 

0 

0 

1 

1 

1 

X 

X 

X 

0 

1 

0 

0 

0 

X 

X 

X 

0 

1 

0 

0 

1 

X 

X 

X 

0 

1 

0 

1 

0 

X 

X 

X 

0 

1 

0 

1 

1 

X 

X 

X 

0 

1 

1 

0 

0 

X 

X 

X 

0 

1 

1 

0 

1 

X 

X 

X 

0 

1 

1 

1 

0 

X 

X 

X 

0 

1 

1 

1 

1 

X 

X 

X 

1 

0 

0 

0 

0 

X 

X 

X 

1 

0 

0 

0 

1 

X 

X 

X 

1 

0 

0 

1 

0 

X 

X 

X 

1 

0 

0 

1 

1 

X 

X 

X 

1 

0 

1 

0 

0 

X 

X 

X 

1 

0 

1 

0 

1 

X 

X 

X 

1 

0 

1 

1 

0 

X 

X 

X 

1 

0 

1 

1 

1 

X 

X 

X 

1 

1 

X 

X 

X 

X 

X 

X 


* Analog channel inputs CHO thru CH4 are logic outputs 
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Functional Description 

1.0 DIGITAL INTERFACE 

The ADC0819 uses five input/output pins to implement the 
serial interface. Taking chip select (^) low enables the I/O 
data lines (DO and Dl) and the serial clock input (Sclk)- The 
result of the last conversion is transmitted by the A/D on the 
DO line, while simultaneously the Dl line receives the ad- 
dress data that selects the mux channel for the next conver- 
sion. The mux address is shifted in on the rising edge of 
Sclk and the conversion data is shifted out on the falling 
edge. It takes eight Sclk cycles to complete the serial I/O. 
A second clock ((f) 2 ) controls the SAR during the conversion 
process and must be continuously enabled. 

1.1 CONTINUOUS Sclk 

With a continuous Sclk input CS must be used to synchro- 
nize the serial data exchange (see Figure /). The ADC0819 
recognizes a valid CS one to three 4»2 clock periods after 
the actual falling edge_^ CS. This is implement^ to ensure 
noise immunity of the ^ signal. Any spikes on ^ less than 
one 4)2 clock period will be ignored. CS must remain low 
during the comple^l/0 exchange which takes eight Sclk 
cycles. Although CS is not immediately acknowledged for 
the purpose of starting a new conversion, the falling edge of 
CS immediately enables DO to output the MSB (D7) of the 
previous conversion. 

The first Sclk rising edge will be acknowledged after a ^- 
up time (tset-up) has elapsed from the falling edge of 
This and the following seven Sclk rising edges will shift In 
the channel address for the analog multiplexer. Since there are 
1 9 channels only five address bits are utilized. The first five 
Sclk cycles clock in the mux address, during the next three 
Sclk cycles the analog input is selected and sampled. During 


this mux address/sample cycle, data from the last conver- 
sion is also clocked out on DO. Since D7 was clocked out 
on the falling edge of ^ only data bits D6-D0 remain to be 
received. The following seven falling edges of Sclk shift out 
this data on DO. 

The 8th Sclk falling edge initiates the beginning of the A/D’s 
actual conversion process which takes between 26 and 32 
4)2 cycles (Tc). During this time CS can go high to TRI- 
STATE DO and disable the Sclk input or it can remain low. 
If CS Is held low a new I/O exchange will not start until the 
conversion sequence has been completed, however once 
the conversion ends serial I/O will immediately begin. Since 
there is an ambiguity in the conversion time (Tc) synchroniz- 
Ing the data exchange is impossible. Therefore CS should 
go high before the 26th 4>2 clock has elasped and return low 
after the 32nd 4>2 to synchronize serial communication. 

A conversion or I/O operation can be aborted at any time by 
strobing CS. If CS is high or low 1^ than one ^2 dock it will 
be ignored by the A/D. If the CS is strobed high or low 
between 1_to 3 4>2 clocks the A/D may or may not respond. 
Therefore CS must be strobed high or low greater than 3 4>2 
clocks to ensure recognition. If a conversion or I/O ex- 
change is aborted while in process the consequent data 
output will be erroneous until a complete conversion se- 
quence has been implemented. 

1.2 DISCONTINUOUS Sclk 

Another way to accomplish synchronous serial communica- 
tion is to tie ^ low continuously and disable Sclk its 
8th falling edge (see Figure 2). Sclk rnust remain low for 


CS 


Sclk 

Dl 


DO 


SERIAL DATA 
INPUT 

5 MSB OUTPUT 


ANALOG VOLTAGE 
ACQUISITION WINOOW 
3 LSB DATA OUTPUT 


CONVERSION PROCESS 
Tc(MIN)-.-|tc(MAX)-. 





<]D(ZXIX]IXEXHXEX^ 
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FIGURE 1 
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ANALOG VOLTAGE CONVERSION PROCESS 

ACQUISITION WINDOW Tc{MAX) 

3 LSB DATA OUTPUT 


64TH02 

CLOCK 


Sclk 


01 


DO 
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Functional Description (Continued) 

at least 32 4>2 clocks to ensure that the A/D has completed 
its conversion. If Sqlk 's enabled sooner, synchronizing to 
the data output on DO is not possible since an end of con- 
version signal from the A/D is not available and the actual 
conversion time is not known. With CS low during the con- 
version time (32 <|>2 max) DO will go high or low after the 
eighth falling edge of Sclk until the conversion is complet- 
ed. Once the conversion is through DO will transmit the 
MSB. The rest of the data will be shifted out once Sqlk 'S 
enabled as discussed previously. 

If CS goes high during the conversion sequence DO is tri- 
stated, and the result is not affected so long as CS remains 
high until the end of the conversion. 

1.2 MULTIPLEXER ADDRESSING 

The five bit mux address is shifted, MSB first, into Dl. Input 
data corresponds to the channel selected as shown In table 
1 . Care should be taken not to send an address greater than 
or equal to twenty four (11 XXX) as this puts the A/D in a 
digital testing mode. In this mode the analog inputs CHO 
thru CH4 become digital outputs, for our use in production 
testing. 

2.0 ANALOG INPUT 

2.1 THE INPUT SAMPLE AND HOLD 

The ADC081 9’s sample/hold capacitor is Implemented in its 
capacitive ladder structure. After the channel address is re- 
ceived, the ladder is switched to sample the proper analog 
input. This sampling mode is maintained for 1 jasec after the 


Typical Applications 


eighth Sclk falling edge. The hold mode is initiated with the 
start of the conversion process. An acquisition window of 
3tscLK“*'T therefore available to allow the ladder 

capacitance to settle to the analog input voltage. Any 
change in the analog voltage before or after the acquisition 
window will not effect the A/D conversion result. 

In the most simple case, the ladder’s acquisition time is de- 
termined by the Ron (3K) of the multiplexer switches and the 
total ladder capacitance (90pf). These values yield an acqui- 
sition time of about 2 ju-sec for a full scale reading. There- 
fore the analog input must be stable for at least 2 jasec 
before and 1 jasec after the eighth Sclk falling edge to 
ensure a proper conversion. External input source resist- 
ance and capacitance will lengthen the acquisition time and 
should be accounted for. 

Other conventional sample and hold error specifications are 
included in the error and timing specs of the A/D. The hold 
step and gain error sample/hold specs are taken into ac- 
count in the ADC0819’s total unadjusted error, while the 
hold settling time is included in the A/D’s max conversion 
time of 32 <f >2 clock periods. The hold droop rate can be 
thought of as being zero since ah unlimited amount of time 
can pass between a conversion and the reading of data. 
However, once the data is read it is lost and another conver- 
sion is started. 


ADC0819-1NS8048 INTERFACE 
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National Semiconductor 


ADC0820 8-Bit High Speed juP Compatibie 
A/D Converter with Track/Hoid Function 


General Description 

By using a half-flash conversion technique, the 8-bit 
ADC0820 CMOS A/D offers a 1.5 jas conversion time and 
dissipates only 75 mW of power. The half-flash technique 
consists of 32 comparators, a most significant 4-blt ADC 
and a least significant 4-blt ADC. 

The input to the ADC0820 is tracked and held by the input 
sampling circuitry eliminating the need for an external sam- 
ple-and-hold for signals moving at less than 100 mV/ juts. 
For ease of interface to microprocessors, the ADC0820 has 
been designed to appear as a memory location or I/O port 
without the need for external interfacing logic. 

Key Specifications 

■ Resolution 8 Bits 

■ Conversion Time 2.5 juts Max (RD Mode) 

1.5 juts Max (WR-RD Mode) 

■ Input signals with slew rate of 100 mV/juis converted 
without external sample-and-hold to 8 bits 

■ Low Power 75 mW Max 

■ Total Unadjusted Error ± 1/2 LSB and + 1 LSB 


Features 

■ Built-in track-and-hold function 

■ No missing codes 

■ No external clocking 

■ Single supply— 5 Vdc 

■ Easy interface to ail microprocessors, or operates 
stand-alone 

■ Latched TRI-STATE® output 

■ Logic inputs and outputs meet both MOS and T2L volt- 
age level specifications 

■ Operates ratiometrically or with any reference value 
equal to or less than Vcc 

■ OV to 5V analog input voltage range with single 5V 
supply 

■ No zero or full-scale adjust required 

■ Overflow output available for cascading 

■ 0.3" standard width 20-pin DIP 

■ 20-pin molded chip carrier package 

■ 20-pin small outline package 

■ 20-pin shrink small outline package (SSOP) 


Connection and Functional Diagrams 


Dual-ln-Line, Small Outline and 
SSOP Packages 


VlN- 

1 

"^7 

20 

-Vcc 

DBO- 

2 

19 

-NC 

DB1- 

3 

18 

-OFL 

DB2- 

4 

17 

-DB7 

DB3- 

5 

16 

-DB6 

^/RDY- 

6 

15 

-DBS 

MODE- 

7 

14 

-DB4 

RD- 

8 

13 


INT- 

9 

12 

-Vref(+) 

GND- 

10 

11 

-Vref(") 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 

please contact the National Semiconductor Saies Dual-In-Line Package (plastic) 260°C 

Office/Distributors for availability and specifications. Dual-ln-Line Package (ceramic) 300°C 

Supply Voltage (Vqq) 1 0V Surface Mount Package 

Logic Control Inputs -0.2Vto Vcc +0.2V Vapor Phase (60 sec.) 215”C 

^ Infrared (1 5 sec.) 220“C 

Voltage at Other Inputs and Output — 0.2V to Vcc + 0-2V 

Storage Temperature Range -65“C to + 1 50°C OpGratlnQ Ratings (Notes 1 & 2) 

Package Dissipation at Ta = 25'>C 875 mW Temperature Range Tmin^Ta:£Tmax 

InputCurrentat Any Pin (Note 5) 1mA ADC0820CCJ -40 “C^Ta^ +85°C 

Package Input Current (Note 5) 4 mA ADCp820CIWM -40 °C^Ta^ +85°C 

cQn 1 onm/ ADC0820BCN, ADC0820CCN 0 “C^Ta^70°C 

ESDSusceptab,l,ty(Note9) 1200V ADC0820BCV. ADC0820CCV 0 »C^Ta^70”C 

ADC0820BCWM, ADC0820CCWM O-’C^Ta^TO^C 

ADC0820CCMS A 0“C ^ Ta ^ 70°C 

Vcc Range 4.5V to 8V 

Convertor Characteristics The following specifications apply for RD mode (pin 7 = 0), Vcc= 5V, Vref( + ) = 5V, 
and Vref(~) = GND unless otherwise specified. Boldface limits apply from Tmin to TmaxI all other limits TA = Tj = 25°C. 

Parameter 

Conditions 

ADC0820CCJ 

ADC0820BCN, ADC0820CCN 
ADC0820BCV, ADC0820CCV 
ADC0820BCWM, ADC0820CCWM 
ADC0820CCMSA, ADC0820CIWM 

Limit 

Units 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Resolution 



8 



8 

8 

Bits 

Total Unadjusted 

ADC0820BCN, BCWM 





±y2 

±y2 

LSB 

Error 

ADC0820CCJ 


±1 





LSB 

(Note 3) 

ADC0820CCN, CCWM, CIWM, 





±1 

±1 

LSB 


ADC0820CCMSA 





+1 

±1 

LSB 

Minimum Reference 


2.3 

1.00 


2.3 

1.2 


ka 

Resistance 









Maximum Reference 


2.3 

6 


2.3 

5.3 

6 

ka 

Resistance 









Maximum Vref(+) 



Vcc 



Vcc 

Vcc 

V 

Input Voltage 









Minimum Vref(~) 



GND 



GND 

GND 

V 

Input Voltage 









Minimum Vref(+) 



Vref(-) 



Vref(-) 

Vref(-) 

V 

Input Voltage 









Maximum Vref(~) 



Vref(+) 



Vref(+) 

Vref( + ) 

V 

Input Voltage 









Maximum V|n Input 








V 

Voltage 









Minimum Vjn Input 



GND-0.1 



GND-0.1 

GND-0.1 

V 

Voltage 









Maximum Analog 

II 








Input Leakage 

V|N = VCC 


3 



0.3 

3 

jliA 

Current 

v,n=gnd 


-3 



-0.3 

-3 

juA 

Power Supply 

Vcc = 5V±5% 

±yi6 

±V4 


±yi6 

±y4 

±y4 

LSB 

Sensitivity 
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DC Electrical Characteristics The following specifications apply for Vcc= 5V, unless otherwise specified. 
Boldface limits apply from Tmin to TmaxI all other limits Ta=Tj = 25°C. 


Parameter 

Conditions 

ADC0820CCJ 

ADC0820BCN, ADC0820CCN 
ADC0820BCV, ADC0820CCV 
ADC0820BCWM, ADC0820CCWM 
ADC0820CCMSA, ADC0820CiWM 

Limit 

Units 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

V|N( 1 ). Logical “1” 

Vcc = 5.25V 

CS, WR.ro 


2.0 



2.0 

2.0 

V 

Input Voltage 


Mode 


3.5 



3.5 

3.5 

V 

V|N(o), Logical “0” 

Vcc = 4.75 V 

CS, Wr,W 


■Qi 



0.8 

0.8 

V 

Input Voltage 


Mode 


1091 



1.5 

1.5 

V 

llN(i), Logicar‘1” 

V|N(1) = 5V; CS, RD 

0.005 

1 


0.005 


1 

fxA 

Input Current 

V,n(1) = 5V;WR 


0.1 

3 


0.1 

0.3 

3 

fxA 


Vin(i) = 5V; Mode 


50 

200 



170 

200 

/aA 

llN(O), Logical “0” 

I ViN(0) = OV;CS, RD.WR, 


-1 




-1 

jliA 

Input Current 

Mode 









Vout( 1 ). Logical" 1” 

Vcc= 4.75V, Iout= 

= —360 ju,A; 


2.4 



2.8 

2.4 

V 

Output Voltage 

DB0-DB7, OFL, INT 









Vcc=4.75V, Iout = 

= -10jaA; 


4.5 



4.6 

4.5 

V 


I DB0-DB7. OFL, INT | 








Vout(O). Logical "0” 

I Vcc = 4.75V, loUT = 

= 1 .6 mA; 


IIQflll 




0.4 

V 

Output Voltage 

DB0-DB7, OFL, INT, RDY 


HI 






louT, tri-state 

Vout=5V; DB0-DB7, RDY 

0.1 

Hi 




3 

fxA 

Output Current 

VoUT=0V; DB0-DB7, RDY 

-0.1 

HI 




-3 

fxA 

IsOURCE. Output 

VouT=0V; DB0-DB7,5FL 

-12 

-6 

991 



HHI 

mA 

Source Current 

I INT 



-9 1 

-4.0 

911 




mA 

IsiNK. Output Sink 

I VouT = 5V; DB0-DB7, OFL, 

14 1 

7 



8.4 

7 

mA 

Current 

I INT, RDY 










•cc. Supply Current 

CS=WR = RD = 0 

7.5 

15 


7.5 

13 

15 

mA 


AC Electricai Characteristics The following specifications apply for Vcc = 5V, V = tf = 20 ns, Vref( + ) = 5 V, 

Vref(-) = 0V and Ta= 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

tcRD. Conversion Time for RD Mode 

Pin 7 = 0, (Figure 2) 

1.6 


2.5 

fXS 

tAcco. Access Time (Delay from 

Falling Edge of TO to Output Valid) 

Pin 7 = 0, (Figure 2) 

tCRD + 20 


tCRD + 50 

ns 

tcWR-RD. Conversion Time for 

WR-RD Mode 

Pin 7 = Vcc! twR ~ 500 ns, 
tRD = 600 ns; (Figures 3a and 3b) 



1.52 


twR, Write Time 

Min 

Pin 7 = Vcc! (Figures 3a and 3b) 
(Note 4) See Graph 


600 


ns 

Max 

50 



)LlS 

tRD, Read Time Min 

Pin 7 = Vcc; (Figures 3a and 3b) 
(Note 4) See Graph 





tACCl> Access Time (Delay from 

Falling Edge of TO to Output Valid) 

Pin 7 = Vcc, tRD<ti; (Figure 3a) 
Cl=15pF 




HH 

LL 

Q. 

O 

0 

1 

o 

210 



ns 

tAcC2. Access Time (Delay from 

Falling Edge of TO to Output Valid) 

Pin 7 = Vcc, tRD>t|; (Figure 3b) 
Cl=15pF 





Cl=100pF 

90 


150 




30 
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AC Electrical Characteristics (Continued) The following specifications apply for Vcc= 5V, tr=tf =20 ns, 
Vref( + ) = 5 V, Vref( “ ) = OV and Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

t|, Internal Comparison Time 

Pin 7 = Vcc; (Figures 3b and 4) 
Cl=50pF 

800 


1300 

ns 

^OH. TRI-STATE Control 
(Delay from Rising Edge of RD to 

Hi-Z State) 

RL=1k, Cl=10pF 

100 


200 

ns 

tiNTL. Delay ^rom Rising Edge of 

WR to Falling Edge of INT 

Pin 7 = VcCi Dl= 50 pF 
tRD>ti: (Figure 3b) 

(Figure 3a) 

tRD+200 


t| 

tRD + 290 

ns 

ns 

tiNTH. Delay from Rising Edge of 

RD to Rising Edge of UTT 

(Figures 2, 3a and 3b) 

Cl = 50 pF 

125 


225 

ns 

tiNTHWR. Delay from Rising Edge of 
WR to Rising Edge of INT 

(Figure 4), Cl= 50 pF 

175 


270 

ns 

tpDY. Delay from CS to RDY 

(Figure 2), Cl = 50 pF, Pin 7 =0 

50 


100 

ns 

tjD, Delay from InT to Output Valid 

(Figure 4) 

20 


50 

ns 

tpi, Delay from TO to InT 

Pin 7 = Vcc. tRD<t| 

(Figure 3a) 

200 


290 

ns 

tp, Delay from End of Conversion 
to Next Conversion 

(Figures 2, 3a, 3b and 4) 

(Note 4) See Graph 



500 

ns 

Slew Rate, Tracking 


0.1 



V/jas 

CviN. Analog Input Capacitance 


45 



pF 

CouTi Logic Output Capacitance 


5 



pF 

C|N, Logic Input Capacitance 


5 



pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified. 

Note 3: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 4: Accuracy may degrade if twR or tRo is shorter than the minimum value specified. See Accuracy vs twR and Accuracy vs Irq graphs. 

Note 5: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current limit to four. 

Note 6: Typicals are at 25‘’C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Human body model, 1 00 pF discharaged through a 1 .5 kft resistor. 


TRI-STATE Test Circuits and Waveforms 


Vcc 


tiH 


Cl= 10 pF 



DATA 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.5 4.75 5.0 5.25 5.5 

Vcc-SUPPLY VOLTAGE (V) 


Conversion Time (RD Mode) 
vs Temperature 



Ta~AMBIENT temperature (®C) 


Power Supply Current vs 
Temperature (not including 
reference ladder) 



-100 -50 0 50 100 150 

Ta-AMBIENT temperature (°C) 


Accuracy vs twR 




300 400 500 600 700 800 900 


Accuracy vs tp 


i 



Vcc = 5V 

Vref = 5V 

Ta = 25°C 

\ 



t 

t 

wr = 6 

1D = 6( 

00 ns 
}0 ns 

\ 

V 






X 




an. 






300 400 500 600 700 800 900 


tWR (ns) 


tRD (ns) 


tp (ns) 


Accuracy vs Vref 

tVREF = V ref ( + ) - Vref ( - )] 



0 1 2 3 4 5 

Vref (V) 


_Vref 


t|, Internal Time Delay vs 



Output Current vs 
Temperature 



-100 -50 0 50 100 150 

Ta-AMBIENT temperature (°C) 

TL/H/5501-11 
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Description of Pin Functions 

Pin Name Function 

1 V|N Analog input; range =GND^V|n^Vcc 

2 DBO TRI-STATE data output— bit 0 (LSB) 

3 DB1 TRI-STATE data output— bit 1 

4 DB2 TRI-STATE data output— bit 2 

5 DB3 TRI-STATE data output — bit 3 

6 WR/RDY WR-RD Mode 

WR: With CS low, the conversion Is start- 
ed on the falling edge of WR. Approxi- 
mately 800 ns (the preset internal time 
out, t|) after the WR rising edge, the result 
of the conversion will be strobed into the 
output latch, provided that RD does not 
occur prior to this time out (see Figures 
3a and 3b). 

RD Mode 

RDY: This is an open drain output (no In- 
ternal pull-up device). R^will go low af- 
ter the falling edge of RDY will go 
TRI-STATE when the result of the conver- 
sion is strobed into the output latch. It is 
used to simplify the interface to a micro- 
processor system (see Figure 2). 

1 Mode Mode: Mode selection input — it is inter- 
nally tied to GND through a 50 juA current 
source. 

RD Mode: When mode is low 

WR-RD Mode: When mode is high 

8 RD WR-^Mode 

With CS low, the TRI-STATE data outputs 
(DB0-DB7) will be activated when RD 
goes low (see Figure 4). RD can also be 
used to increase the speed of the con- 
verter by reading data prior to the preset 
internal time out (t|, —800 ns). If this is 
done, the data result transferred to output 
latch is latched after the falling edge of 
the RD (see Figures 3a and 3b). 

RDM^e 

Wit h CS low, the conversion will start with 
RD going low, also RD will enable the 
TRI-STATE data outputs at the comple- 
tion of the conversion. RDY going TRI- 
STATE and I NT going low indicates the 
completion of the conversion (see Figure 
2 ). 

1.0 Functional Description 

1.1 GENERAL OPERATION 

The ADC0820 uses two 4-bit flash A/D converters to make 
an 8-bit measurement {Figure 1). Each flash ADC is made 
up of 15 comparators which compare the unknown input to 
a reference ladder to get a 4-bit result. To take a full 8-bit 
reading, one flash conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). Driven by the 4 
MSBs, an internal DAC recreates an analog approximation 
of the input voltage. This analog signal is then subtracted 
from the input, and the difference voltage is converted by a 
second 4-bit flash ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 


Pin Name Function 

9 TnT Mode 

I NT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT will go low, —800 ns 
(the preset internal time out, t|) after the 
rising edge of WR (see Figure 3b)\ or INT 
will go low after the falling edge of RD, if 
RD goes low prior to the 800 ns time out 
(see Figure 3a). INT is reset by the rising 
edge of RD or CS (see Figures 3a and 
3b). 

RD Mode 

INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT is reset by the rising 
edge of RD or CS (see Figure 2). 

10 GND Ground 

'll Vref(“) The bottom of resistor ladder, voltage 
range: GND^Vref(-)^Vref(+) (Note 
5) 

“12 Vref(+) The top of resistor ladder, voltage range: 
Vref(~)^Vref(+)^Vcc (Note 5) 

1 3 CS CS must be low in order for the RD or WR 

to be recognized by the converter. 

1 4 DB4 TRI-STATE data output— bit 4 

15 DB5 TRI-STATE data output— bit 5 

1 6 DB6 TRI-STATE data output— bit 6 

17 pB7 TRI-STATE data output— bit 7 (MSB) 

18 OFL Overflow output— If the analo g input is 

higher than the Vref(+). OFL will be low 
at the end of conversion. It can be used to 
cascade 2 or more devices to have more 
resolution (9, 1 0-bit). This output is always 
active and does not go into TRI-STATE 
as DB0-DB7 do. 

19 NC No connection 

20 Vcc Power supply voltage 


The internal DAC is actually a subsection of the MS flash 
converter. This is accomplished by using the same resistor 
ladder for the A/D as well as for generating the DAC signal. 
The DAC output is actually the tap on the resistor ladder 
which most closely approximates the analog input. In addi- 
tion, the ‘’sampled-data” comparators used In the ADC0820 
provide the ability to compare the magnitudes of several 
analog signals simultaneously, without using input summing 
amplifiers. This is especially useful in the LS flash ADC, 
where the signal to be converted is an analog difference. 
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1.0 Functional Description (Continued) 

1.2 THE SAMPLED-DATA COMPARATOR 


Each comparator in the ADC0820 consists of a CMOS in- 
verter with a capacitively coupled input {Figure 5). Analog 
switches connect the two comparator inputs to the input 
capacitor (C) and also connect the Inverter’s input and out- 
put. This device in effect now has one differential input pair. 
A comparison requires two cycles, one for zeroing the com- 
parator, and another for making the comparison. 


In the first cycle, one input switch and the inverter’s feed- 
back switch {Figure 5a) are closed. In this interval, C is 
charged to the connected input (V1) less the inverter’s bias 
voltage (Vb, approximately 1.2V). In the second cycle {Fig- 
ure 5b), these two switches are opened and the other (V2) 
input’s switch is closed. The input capacitor now subtracts 
its stored voltage from the second input and the difference 
is amplified by the inverter’s open loop gain. The inverter’s 
input (Vb') becomes 


Vb-(V1-V2) 


C 

C + Cs 


and the output will go high or low depending on the sign of 
Vb'-Vb. 



TL/H/5501-12 

• Vo = Vb 

• VonC = V1 -Vb 

• Cs = stray input 
node capacitor 

• Vb = inverter input 
bias voltage 

FIGURE 5a. Zeroing Phase 


The actual circuitry used in the ADC0820 is a simple but 
important expansion of the basic comparator described 
above. By adding a second capacitor and another set of 
switches to the input {Figure 6), the scheme can be expand- 
ed to make dual differential comparisons. In this circuit, the 
feedback switch and one input switch on each capacitor (Z 
switches) are closed in the zeroing cycle. A comparison is 
then made by connecting the second input on each capaci- 
tor and opening all of the other switches (S switches). The 
change in voltage at the inverter’s input, as a result of the 
change In charge on each input capacitor, will now depend 
on both input signal differences. 

1.3 ARCHITECTURE 

In the ADC0820, one bank of 15 comparators Is used in 
each 4-bit flash A/D converter {Figure 7). The MS (most 
significant) flash ADC also has one additional comparator to 
detect input overrange. These two sets of comparators op- 
erate alternately, with one group in its zeroing cycle while 
the other is comparing. 


VI 


V2 
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•Vb'-Vb = (V2-V1) 


•Vo' = 


-A 


C + Cs 

•Vo' is dependent on V2-V1 


FIGURE 5b. Compare Phase 


FIGURE 5. Sampled-Data Comparator 



Vo = 


-A 

C1+C2 + Cs 
-A 

Cl+C2+Cs 


[C1(V2-V1) + C2(V4-V3)] 


[AQci + AQ 02 ] 


FIGURE 6. ADC0820 Comparator (from MS Flash ADC) 
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1.0 Functional Description (Continued) 

When a typical conversion is started, the WR line is brought 
low. At this instant the MS comparators go from zeroing to 
comparison mode [Figure 8). When WR is returned high af- 
ter at least 600 ns, the output from the first set of compara- 
tors (the first flash) is decoded and latched. At this point the 
two 4-bit converters change modes and the LS (least signifi- 
cant) flash A DC enters its compare cycle. No less than 600 
ns later, the TO line may be pulled low to latch the lower 4 
data bits and finish the 8-bit conversion. When RD goes low, 
the flash A/Ds change state once again in preparation for 
the next conversion. 

Figure 8 also outlines how the converter’s interface timing 
relates to its analog input (V|n). In WR-RD mode, V|n is 
measured while WR is low. In RD mode, sampling occurs 
during the first 800 ns of RD. Because of the input connec- 
tions to the ADC0820’s LS and MS comparators, the con- 
verter has the ability to sample V|n at one instant (Section 
2.4), despite the fact that two separate 4-bit conversions are 
being done. More specifically, when WR is low the MS flash 
is in compare mode (connected to V|n), and the LS flash is 
in zero mode (also connected to V|n). Therefore both flash 
ADCs sample V|fsj at the same time. 

1.4 DIGITAL INTERFACE 

The ADC0820 has two basic interface modes which are se- 
lected by strapping the MODE pin high or low. 

RD Mode 

With the MODE pin grounded, the converter is set to Read 
mode. In thi^ configuration, a complete conversion is done 
by pulling RD low until output data appears. An INT line is 
provided which goes low at the end of the conversion as 
well as a RDY output which can be used to signal a proces- 
sor that the converter is busy or can also serve as a system 
Transfer Acknowledge signal. 

RD Mode (Pin 7 is Low) 

^ 

^ / z 

\ 


^ / 
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WR then RD Mode 

With the MODE pin tied high, the A/D will be set up for the 
WR-RD mode. Here, a conversion is started with the WR 
input; however, there are two options for reading the output 
data which relate to interface timing. If an interrupt driven 
scheme is desired, the user can wait for TnT t o go low be- 
fore reading the conversion result [Figure B). TnT will typi- 
cally go low 800 ns after WR’s rising edge. However, if a 
shorter conversion time is desired, the processor need not 
wait for TlTf and can exercise a read after only 600 ns [Fig- 
ure A). If this is done, INT will immediately go low and data 
will appear at the outputs. 

n ZZZ 




RD 


INT 

OBO-DB7 


"\_Z 
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FIGURE A. WR-RD Mode (Pin 7 is High and tRD<t|) 


L A 


WR \ f 


r. 

z: 


RD 


\ 



\ r 
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FIGURE B. WR-RD Mode (Pin 7 is High and tRD>t|) 
Stand-Alone 

For stand-alone operation in WR-RD mode, ^ and TO can 
be tied low and a conversion can be started with WR. Data 
will be valid approximately 800 ns following WR’s rising 
edge. 

WR-RD Mode (Pin 7 is High) Stand-Alone Operation 


When in RD mode, the comparator phases are internally 
triggered. At the falling edge of RD, the MS flash converter 
goes from zero to compare mode and the LS ADC’s com- 
parators enter their zero cycle. After 800 ns, data from the 
MS flash is latched and the LS flash ADC enters compare 
mode. Following another 800 ns, the lower 4 bits are recov- 
ered. 


CS LDW 
ROLOW 



INT 


/ \ z 

> — dz- 

TL/H/5501-19 
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1.0 Functional Description (Continued) 



TL/H/5501-20 


Note: MS means most significant 
LS means least significant 


FIGURE 8. Operating Sequence (WR-RD Mode) 


OTHER INTERFACE CONSIDERATIONS 

In order to maintain conversion accuracy, Wr has a maxi- 
mum width spec of 50 jms. When the MS flash ADC’s sam- 
pled-data comparators (Section 1.2) are in comparison 
mode (WR is low), the input capacitors (C, Figure 6) must 
hold their charge. Switch leakage and inverter bias current 
can cause errors if the comparator is left in this phase for 
too long. 

Since the MS flash ADC enters its zeroing phase at the end 
of a conversion (Section 1 .3), a new conversion cannot be 
started until this phase is complete. The minimum spec for 
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns. 

2.0 Analog Considerations 

2.1 REFERENCE AND INPUT 

The two Vref inputs of the ADC0820 are fully differential 
and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog Input since this range will be equivalent to the 
voltage difference between V|n(+) and V|n(-). By reducing 
Vref(Vref=Vref(+)-Vref(-)) to less than 5V, the sen- 
sitivity of the converter can be increased (i.e., if Vref= 2V 
then 1 LSB = 7.8 mV). The input/reference arrangement 
also facilitates ratiometric operation and in many cases the 
chip power supply can be used for transducer power as well 
as the Vref source. 

This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at Vref(“) sets 
the input level which produces a digital output of all zeroes. 
Though V|n is not itself differential, the reference design 
affords nearly differential-input capability for most measure- 
ment applications. Figure 9 shows some of the configura- 
tions that are possible. 


2.2 INPUT CURRENT 

Due to the unique conversion techniques employed by the 
ADC0820, the analog input behaves somewhat differently 
than in conventional devices. The A/D’s sampled-data com- 
parators take varying amounts of input current depending 
on which cycle the conversion is in. 

The equivalent input circuit of the ADC0820 is shown in 
Figure 10a. When a conversion starts (WR low, WR-RD 
mode), all Input switches close, connecting V|n to thirty-one 
1 pF capacitors. Although the two 4-bit flash circuits are not 
both in their compare cycle at the same time, V|n still sees 
all input capacitors at once. This is because the MS flash 
converter is connected to the input during its compare inter- 
val and the LS flash is connected to the input during its 
zeroing phase (Section 1.3). In other words, the LS ADC 
uses V|(sj as its zero-phase Input. 

The input capacitors must charge to the Input voltage 
through the on resistance of the analog switches (about 5 
kfl to 10 kfl). In addition, about 12 pF of Input stray capaci- 
tance must also be charged. For large source resistances, 
the analog input can be modeled as an RC network as 
shown in Figure 10b. As Rs increases. It will take longer for 
the input capacitance to charge. 

In RD mode, the input switches are closed for approximately 
800 ns at the start of the conversion. In WR-RD mode, the 
time that the switches are closed to allow this charging is 
the time that WR is low. Since other factors force this time 
to be at least 600 ns, input time constants of 100 ns can be 
accommodated without special consideration. Typical total 
input capacitance values of 45 pF allow Rs to be 1.5 kft 
without lengthening WR to give Vim more time to settle. 
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2.0 Analog Considerations (Continued) 

External Reference 2.5V Full-Scale Power Supply as Reference Input Not Referred to GND 



V|N( + ) 

IN + 

VlN(-)— -J— 

GND 

5V 

REF( + ) 

JT 

REF(-) 
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FIGURE 9. Analog Input Options 



still exist from V||sj(-) 
to ground 

TL/H/5501-23 
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FIGURE 10a 



FIGURE 10b 


2.3 INPUT FILTERING 

It should be made clear that transients in the analog Input 
signal, caused by charging current flowing into V|n, will not 
degrade the A/D’s performance in most cases. In effect the 
ADC0820 does not “look” at the input when these tran- 
sients _^cur. The comparators’ outputs are not latched 
while WR is low, so at least 600 ns will be provided to 
charge the ADC’s input capacitance. It is therefore not nec- 
essary to filter out these transients by putting an external 
cap on the V|n terminal. 

2.4 INHERENT SAMPLE-HOLD 

Another benefit of the ADC0820’s input mechanism is its 
ability to measure a variety of high speed signals without the 
help of an external sample-and-hold. In a conventional SAR 
type converter, regardless of its speed, the input must re- 
main at least y 2 LSB stable throughout the conversion pro- 
cess if full accuracy is to be maintained. Consequently, for 
many high speed signals, this signal must be externally 
sampled, and held stationary during the conversion. 


Sampled-data comparators, by nature of their input switch- 
ing, already accomplish this function to a large degree (Sec- 
tion 1 .2). Although the conversion time for the ADC0820 is 

1.5 jas, the time through which V|n must be 1/2 LSB stable 
is much smaller. Since the MS flash ADC uses V|n as its 
“compare” input and the LS ADC uses V|n as its “zero” 
input, the ADC0820 only “samples” V|n when WR is low 
(Sections 1 .3 and 2.2). Even though the two flashes are not 
done simultaneously, the analog signal is measured at one 
instant. The v alue of V|n approximately 100 ns after the 
rising edge of WR (100 ns due to internal logic prop delay) 
will be the measured value. 

Input signals with slew rates typically below 100 mV/ jus can 
be converted without error. However, because of the input 
time constants, and charge injection through the opened 
comparator input switches, faster signals may cause errors. 
Still, the ADC0820’s loss in accuracy for a given increase in 
signal slope is far less than what would be witnessed in a 
conventional successive approximation device. An SAR 
type converter with a conversion time as fast as 1 jas would 
still not be able to measure a 5V 1 kHz sine wave without 
the aid of an external sample-and-hold. The ADC0820, with 
no such help, can typically measure 5V, 7 kHz waveforms. 
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Digital Waveform Recorder 


A TOD CONTROL LOGIC 



• 1.3M samples/sec 

• 4k memory 
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3.0 Typical Applications (Continued) 







Ordering Information 


Part Number 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0820BCV 


V20A--Molded Chip 
Carrier 

0“Cto +70"C 

ADC0820BCWM 

± 1/2 LSB 

M20B— Wide Body Small 
Outline 

0°Cto +70“C 

ADC0820BCN 


N20A— Molded DIP 

0“Cto +70“C 

ADC082PCCJ 


J20A— Cerdip 

-40°Cto +85“C 

ADC0820CCMSA 


MSA20— Shrink Small 
Outline 

Package 

0“Cto +70“C 

ADC0820CCV 

±1 LSB 

V20A— Molded Chip 
Carrier 

O^Cto +70°C 

ADC0820CCWM 


M20B— Wide Body Small 
Outline 

0°Cto +70°C 

ADC0820CIWM 


M20B— Wide Body Small 
Outline 

-40'’Cto +85°C 

ADC0820CCN 


N20A— Molded DIP 

0°Cto +70°C 
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ADC0831/ADC0832/ADC0834/ADC0838 


(y National Semiconductor 

ADC0831/ADC0832/ADC0834 and ADC0838 

8-Bit Serial I/O A/D Converters with Multiplexer Options 


General Description 

The ADC0831 series are 8-bit successive approximation 
A/D converters with a serial I/O and configurable input mul- 
tiplexers with up to 8 channels. The serial I/O is configured 
to comply with the NSC MICROWIREtm serial data ex- 
change standard for easy interface to the COPStm family of 
processors, and can interface with standard shift registers 
or jllPs. 

The 2-, 4- or 8-channel multiplexers are software configured 
for single-ended or differential inputs as well as channel as- 
signment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero In- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 

Features 

■ NSC MICROWIRE compatible— direct Interface to 
COPS family processors 

■ Easy interface to all microprocessors, or operates 
“stand-alone” 


■ Operates ratiometrically or with 5 Vdc voltage 
reference 

■ No zero or full-scale adjust required 

■ 2-, 4- or 8-channel multiplexer options with address 
logic 

■ Shunt regulator allows operation with high voltage 
supplies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ TTL/MOS input/output compatible 

■ 0.3" standard width, 8-, 14- or 20-pin DIP package 

■ 20 Pin Molded Chip Carrier Package (ADC0838 only) 

■ Surface-Mount Package 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 


± 1/2 LSB and 


Typicai Appiication 



A/\ /l/| 

T1 T2 


I TRANSDUCERS 
(ANALOG VOLTAGES! 




u 

DIGITAL 

u 




M 

LINK 

n 

CPU 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Current into V + (Note 3) 
Supply Voltage, Vcc (Note 3) 
Voltage 
Logic Inputs 
Analog Inputs 

input Current per Pin (Note 4) 
Package 

Storage Temperature 
Package Dissipation 
at Ta= 25‘’C (Board Mount) 


15 mA 
6.5V 

-0.3V to Vcc + 0.3V 
-0.3V to Vcc + 0.3V 
±5 mA 
±20 mA 
-65'’Cto +150“C 

0.8W 


Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300“C 

Molded Chip Carrier Package 
Vapor Phase (60 sec.) 21 5‘’C 

Infrared (1 5 sec.) 220°C 

ESD Susceptibility (Note 5) 2000V 

Operating Ratings (Notes 1 & 2) 

Supply Voltage, Vcc 4.5 Vdc to 0-3 Vdc 

Temperature Range Tmin^Ta^Tmax 

ADC0831/8BCJ, 

ADC0831/4/8CCJ, 

ADC0832BIWM, 

ADC0831/2/4/8CIWM -40'’C to +85“C 

ADC0831/2//4/8BCN, 

ADC0838BCV, 

ADC0831/2/4/8CCN, 

ADC0838CCV, 

ADC0831 /2/4/8CCWM 0“C to + 70“C 


Converter and Muitipiexer Electrical Characteristics 


The following specifications apply for Vcc = V± = Vref = 5V, Vref ^ Vcc +0.1V, Ta = Tj = 25°C, and fcLK = 250 kHz 
unless otherwise specified. Boldface limits apply from Tmin to T^ax- 




BCJ, BIWM, 

CIWM and CCJ Devices 

BCV, CCV, CCWM, BCN 
and CCN Devices 


Parameter 

Conditions 

Typ 

(Note 12) 

Tested 
Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Typ 

(Note 12) 

Tested 
Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Units 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 

Vref = 5.00 V 








ADC0838BCV 

(Note 6) 





±y2 



ADC0831/2/4/8BCN 

ADC0831/8BCJ 



±% 



±y2 

±% 

LSB 

ADC0832BIWM 

ADC0838CCV 



±ya 



±1 

±1 


ADC0831/2/4/8CCN 






+1 

±1 


ADC0831/2/4/8CCWM 

ADC0831/4/8CCJ 



±1 



±1 

±1 


ADC0831/2/4/8CIWM 



±1 






Minimum Reference 

Input Resistance (Note 7) 


3.5 

1.3 


3.5 

1.3 

1.3 


Maximum Reference 

Input Resistance (Note 7) 


3.5 

5.9 



5.4 

5.9 


Maximum Common-Mode Input 
Range (Note 8) 





■■ 



V 

Minimum Common-Mode Input 
Range (Note 8) 






GND-0.05 

GND - 0.05 

V 

DC Common-Mode Error 



±y4 


±yi6 

±y4 

±% 

LSB 



2-111 


ADC0831/ADC0832/ADC0834/ADC0838 







ADC0831/ADI 



Converter and Multiplexer Electrical Characteristics (Continued) 

The following specifications apply for Vcc = V+ = 5V, Ta = Tj = 25“C, and fcLK = 250 kHz 

Boldface limits apply from Tmim to Tmax- 


Change in zero 
error from Vcc=6V 
to internal zener 
operation (Note 3) 

Vz, internal 
diode breakdown 
(at V+) (Notes) 


MIN 15mAintoV+ 
MAX 


Power Supply Sensitivity 

Vcc = 5V±5% 

•off. Off Channel Leakage 
Current (Note 9) 

On Channel = 5V, 
Off Channel = 0V 


On Channel = 0V, 
Off Channel = 5V 

Iqn. On Chanriel Leakage 
Current (Note 9) 

On Channel = 0V, 
Off Channel = 5V 


On Channel = 6V, 
Off Channel =0V 

DIGITAL AND DC CHARACTERISTICS 



V|N( 0 ). Logical “0” Input 
Voltage (Max) 


I|N( 1 ), Logical “1” Input 
Current (Max) 

llN(0). Logical “0” Input 
Current (Max) 

VoUT(i). Logical “1” Output 
Voltage (Min) 


VoUT(O). Logical “0” Output 

Vcc = 4.75 V 

Voltage (Max) 

•oUT=1-3 



loUTi TRI-STATE Output VouT“0V 

Current (Max) Vout=5V 


•source. Output Source 
Current (Min) 


•sink. Output Sink Current (Min) | VouT=Vcc 

•cc. Supply Current (Max) 

ADC0831, ADC0834, 

ADC0838 


ADC0832 



Vcc = 4.75 V 


V|n = 5.0V 

V,N = 0V 

Vcc= 4.75V 
IquT'^ —360 |liA 


-14 


16 9.0 


-6.5 mA 


8.0 mA 
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AC Characteristics 

The following specifications apply for Vcc = 5V, = tf = 20 ns and 25“C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 12) 

Tested 

Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Limit 

Units 

fCLK. Clock Frequency 

Min 

Max 



10 

400 

kHz 

kHz 

tc, Conversion Time 

Not including MUX Addressing Time 


8 


1 /fCLK 

Clock Duty Cycle 

Min 




40 

% 

(Note 1 0) 

Max 




60 

% 

tsET-UPi CS Falling Edge or 

Data Input Valid to CLK 

Rising Edge 




250 

ns 

tHOLD. Data Input Valid 
after CLK Rising Edge 





ns 

fpdi.tpdO— CLK Falling 

Edge to Output Data Valid 


Cl=100pF 

Data MSB First 

650 


1500 

ns 

(Note 11) 


Data LSB First 

250 


600 

ns 

fiH.toH.— Rising Edge of 


Cl=10pF, RL=10k 

125 



ns 

CS to Data Output and 


(see TRI-STATE® Test Circuits) 





SARS Hi-Z 


Cl= 100 pf, RL=2k 


500 


ns 

C|N, Capacitance of Logic 

Input 


5 



pF 

CouT. Capacitance of Logic 

Outputs 


5 



pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground plugs. 

Note 3: Internal zener diodes (6.3 to 8.5V) are connected from V+ to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected 
to Vcc via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode insures that Vcc will be below breakdown when the device 
is powered from V + . Functionality is therefore guaranteed for V + operation even though the resultant voltage at Vcc exceed the specified Absolute Max of 
6.5V. It is recommended that a resistor be used to limit the max current into V+. (See Figure 3 in Functional Description Section 6.0) 

Note 4: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V~ or Vim > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 5: Human body model, 100 pF discharged through a 1.5 kH resistor. 

Note 6: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 

Note 7: Cannot be tested for ADC0832. 

Note 8: For V|N(-)^V|N(-i-) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V|n or Vref does not exceed the supply voltage by more than 50 mV, the 
output code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over 
temperature variations, initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 ixs. The maximum time the clock can be high is 60 jus. The 
clock can be stopped when low so long as the analog input voltage remains stable. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 12: Typicals are at 25°C and represent most likely parametric norm. 

Note 13: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 14: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 
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Timing Diagrams (Continued) 
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*Some of these functions/pins are not available with other options. 

Note 1: For the ADC0834, D1 is input directly to the D Input of SELECT 1. SELECT 0 is forced to a “1”. For the ADC0832, 
ODD/SIGN. SELECT 0 is forced to a "0” and SELECT 1 is forced to a "1”. 
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Connection Diagrams 
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ADC0832 2-Channel MUX 
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Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a sample-data com- 
parator structure which provides for a differential analog in- 
put to be converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “ + ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or a new pseudo-differential op- 
tion which will convert the difference between the voltage at 
any analog input and a common terminal. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular Input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 


tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel . 0 and channel 1 may be 
selected as a different pair but channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative Input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing tables for the various product options. 

The MUX address Is shifted into the converter via the Dl 
line. Because the ADC0831 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 

The common input line on the ADC0838 can be used as a 
pseudo-differential input. In this mode, the voltage on this 
pin is treated as the input for any of the other Input 
channels. This voltage does not have to be analog ground; 
it can be any reference potential which Is common to all of 
the inputs. This feature is most useful in single-supply appli- 
cation where the analog circuitry may be biased up to a 
potential other than ground and the output signals are all 
referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part 

Number 

Number of Analog Channels 

Number of 
Package Pins 

Single-Ended 

Differential 

ADC0831 

1 

1 

8 

ADC0832 

2 

1 

8 

ADC0834 

4 

2 

14 

ADC0838 

8 

4 

20 
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Functional Description (Continued) 

TABLE II. MUX Addressing: ADC0838 

Single-Ended MUX Mode 


MUX Address 

Analog Single-Ended Channel # 

SQL/ 

DIF 

ODD/ 

SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

1 

0 

0 

0 

+ 








- 

1 

0 

0 

1 



+ 






- 

1 

0 

1 

0 





+ 




- 

1 

0 

1 

1 







+ 


- 

1 

1 

0 

0 


+ 







- 

1 

1 

0 

1 









- 

1 

1 

1 

0 






+ 



- 

1 

1 

1 

1 








+ 

- 


Differential MUX Mode 


MUX Address 

Analog Differential Channel-Pair # 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

+ 

- 







0 

0 

0 

1 



+ 

- 





0 

0 

1 

0 





+ 

- 



0 

0 

1 

1 







+ 

- 

0 

1 

0 

0 

- 

+ 







0 

1 

0 

1 



- 

+ 





0 

1 

1 

0 





- 

+ 



0 

1 

1 

1 







- 

+ 


TABLE III. MUX Addressing: ADC0834 
Single-Ended MUX Mode 


TABLE IV. MUX Addressing: 
ADC0832 


MUX Address 

Channel # 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

1 

0 

0 

+ 




1 

0 

1 





1 

1 

0 


+ 



1 

1 

1 




+ 


COM is internally tied to A GND 


Single-Ended MUX Mode 


MUX Address 

Channel # 

SGL/ 

DIF 

ODD/ 

SIGN 

0 

1 

1 

0 

+ 


1 

1 


+ 


COM is internally tied to A GND 


Differential MUX Mode 


MUX Address 

Channel # 

SGL/ 

DIF 


SELECT 

0 

1 

2 

3 

1 


0 


+ 

- 




0 

1 



+ 

- 

0 

1 

0 

- 

+ 



0 

1 

1 



- 

+ 


Differential MUX Mode 


MUX Address 

Channel # 

SGL/ 

DIF 

ODD/ 

SIGN 

0 

1 

0 

0 

+ 

- 

0 

1 

- 

+ 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system Im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 
ting highly noise Immune digital data back to the host proc- 
essor. 


8 Single-Ended 



To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate diagram is shown of each device. 

1 . A conversion is initiated by first pulling the US (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 2 to 4 bits to be the MUX assign- 
ment word. 


8 Pseudo-Differential 



4 Differential 


Mixed Mode 
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FIGURE 1. Analog Input Multiplexer Options for the ADC0838 
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Functional Description (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the Dl line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which Indicates whether the analog input Is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods the conversion Is completed. The 
SAR status line returns low to indicate this Vz clock cycle 
later. 

8. If the programmer prefers, the data can be provided in an 
LSB first format [this makes use of the shift enable (SE) 
control line]. All 8 bits of the result are stored in an output 
shift register. On devices which do not include the SE con- 
trol line, the data, LSB first, is automatically shifted out the 
DO line, after the MSB first data stream. The DO line then 
goes low and stays low until CS Is returned high. On the 
ADC0838 the SE line is brought out and if held high, the 
value of the LSB remains valid on the DO line. When SE is 
forced low, the data is then clocked out LSB first. The 
ADC0831 is an exception In that Its data is only output in 
MSB first format. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address Information. 



The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl input is only “looked-at” during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference Input to these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between V|n(max) and V|n(min)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 3.5 kfl. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the Vref pin 
can be tied to Vcc (done internally on the ADC0832). This 
technique relaxes the stability requirements of the system 
reference as the analog Input and A/D reference move to- 
gether maintaining the same output code for a given Input 
condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
The LM385 and LM336 reference diodes are good low cur- 
rent devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage; The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vref/ 
256). 



TL/H/5583-10 

a) Ratiometric b) Absolute with a Reduced Span 

FIGURE 2. Reference Examples 
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Functional Description (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise Immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which othenwise Is most susceptible to noise pickup. 
However, a few words are In order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential Input of these converters actually reduces 
the effects of common-mode Input noise, a signal common 
to both selected “ + ” and Inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“ + ” input and then the jnput is Va of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

Verror(max)= VpEAK(27rfcM) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value 

and fcLK. is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a y 4 LSB 
error (~5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as It exceeds the maximum analog input limits. 
Due to the sampling nature of the analog inputs short spikes 
of current enter the “ + ” input and exit the Input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kft. 
This source resistance llrnitation Is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of i 1 jaA over temperature will 
create a 1 mV input error with a 1 kCl source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(min). 's not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) Input at this V|n(min) value. This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n(-) input and applying a small 
magnitude positive voltage to the V|n(+ ) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal Va LSB value 
(Va LSB = 9.8 mV for Vref = 5-000 Vdc). 


5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Va LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input (or Vcc for the ADC0832) for a 
digital output code which is just changing from 1111 1 1 1 0 to 
11111111. 

5.3 Adjusting for an Arbitrary Anaiog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog Input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n ( + ) voltage which 
equals this desired zero reference plus Vz LSB (where the 
LSB is calculated for the desired analog span, using 
1 LSB= analog span/256) is applied to selected “ + ” Input 
and the zero reference voltage at the corresponding 
input should then be adjusted to just obtain the OOrex fo 
01 hex code transition. 

The full-scale adjustment should be made [with the proper 
Vin(-) voltage applied] by forcing a voltage to the V|n(+) 
Input which is given by: 

where: 

Vmax = the high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vref (o' Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0838 and ADC0834 is the inclu- 
sion of a zener diode connected from the V+ terminal to 
ground which also connects to the Vcc terminal (which is 
the actual converter supply) through a silicon diode, as 
shown in Figure 3. (See Note 3) 



Vcc 

ACTUAL 

CONVERTER 

SUPPLY 
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FIGURE 3. An On-Chip Shunt Regulator Diode 
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Functional Description (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vcc supply for the converter 


Applications 



Compensated Reference 


to be derived from the clock. The low current requirements 
of the A/D and the relatively high clock frequencies used 
(typically in the range of 10k-400 kHz) allows using the 
small value filter capacitor shown to keep the ripple on the 
Vcc iine to well under y 4 of an LSB. The shunt zener regula- 
tor can also be used in this mode. This requires a clock 
voltage swing which is in excess of Vz- A current limit for the 
zener is needed, either built into the clock generator or a 
resistor can be used from the CLK pin to the V+ pin. 


12V 



TL/H/5583-34 

FIGURE 5. Using the A/D as 
the System Supply Regulator 


5.3V 


100 MHz 
CLOCK 

Jir 



TL/H/5583-35 

FIGURE 6. Generating Vcc from the Converter Clock 


TL/H/5583-36 


FIGURE 7. Remote Sensing- 
Clock and Power on 1 Wire 



2-125 


ADC0831/ADC0832/ADC0834/ADC0838 




ADC0831/ADC0832/ADC0834/ADC0838 


Applications (Continued) 

Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 



TL/H/5583-13 


COP CODING EXAMPLE 8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START: 

ANL 

PI, #0F7H 

SELECT A/D (CS=0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTERS- 5 

OGI 

G0 = 0(CS = 0) 


MOV 

A, #ADDR 

A ^ MUX ADDRESS 

CLRA 

CLEARS ACCUMULATOR 

LOOP 1: 

RRC 

A 

CY ^ ADDRESS BIT 

AISC1 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




BIT=0 


AND STARTS SK CLOCK 

ZERO: 

ANL 

PI, #0FEH 

D\<r-0 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT=1 

NOP 

— 

ONE: 

ORL 

PI, #1 

Dl<~1 

XAS 

LOADS MUX ADDRESS FROM 

CONT: 

CALL 

PULSE 

PULSE SKO^I -^0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

t 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BIT COUNTERS- 8 

i 


LOOP 2: 

CALL 

PULSE 

PULSE SK 0 ^ 1 0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY<-DO 


INTO ACCUMULATOR 


RRC 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLRA 

CLEARS ACCUMULATOR 


MOV 

A,C 

A RESULT 

RC 

C = 0 


RLC 

A 

A(0)^ BIT AND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C,A 

C ^ RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 : 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0=1 (CS=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE: 

ORL 

PI, #04 

SK-^1 




NOP 


DELAY 




ANL 

PI, #0FBH 

SK<-0 


RET 
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Applications (Continued) 


A “Stand-Alone” Hook-Up for ADC0838 Evaluation 

MUX ADDRESS 



For all other products tie to 
pin functions as shown. 


Low-Cost Remote Temperature Sensor 

Vcc 

(SVdc) 



TL/H/5583-14 
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TL/H/5583-17 


Controller performs a routine to determine which input polarity (9-bit example) or which channel pair (10-bit example) provides a non-zero output code. 
This information provides the extra bits. 

a) 9-Bit A/D b)10-BitA/D 


Protecting the input 

Vcc 

<5Vog) 








Applications (Continued) 


High Accuracy Comparators 

5V 


SYSTEM 

TEST 

POINTS 




*>- 


3 >- 

«>- 

«>■ 



+ 

Vcc 


? 

VthI — 




Vth2 — 

+ 

A0C0838 


< 


Ul 

? 

< 



nn 

V 



UU 

Vth3 — 

COM 

GNO 

VreF 


r 


TO 

CONTROLLER 


DO = all 1s if 4 -V|n > ~V||M 

DO = all Os if +V|N < -V|N dr 


Digital Load Ceil 


330 



TL/H/5583-19 


• Uses one more wire than load cell itself 

• Two mini-DIPs could be mounted inside load cell for digital output transducer 

• Electronic offset and gain trims relax mechanical specs for gauge factor and offset 

• Low level cell output is converted immediately for high noise immunity 
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Applications (Continued) 

Two Wire 1-Channel Interface 


0.1 



• Simpler version of 8-Channel 

• CS derived from long CLK pulse “LrLTLI LTU 

TL/H/5583-22 


Ordering Information 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0831BCJ 

ADC0831BCN 


±y2 

Hermetic (J) 
Molded (N) 

-40“Cto +85°C 

0“Cto +70“C 

ADC0831CCJ 

ADC0831CCN 

ADC0831CIWM 

ADC0831CCWM 

1 

±1 

Hermetic (J) 
Molded (N) 
SO(M) 

SO(M) 

-40°Cto +85"C 

O^Cto +70‘*C 
-40°Cto +85"C 

0“Cto +70°C 

ADC0832BIWM 

ADC0832BCN 


±y2 

SO(M) 

Molded (N) 

-40“Cto +85*C 

0”Cto +70°C 

ADC0832CIWM 

ADC0832CCN 

ADC0832CCWM 

2 

±1 

SO(M) 

Molded (N) 
SO(M) 

-40“Cto +85°C 

0°Cto +70“C 

0°Cto +70“C 
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Ordering Information (Continued) 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0834BCN 

4 

± y 2 

Molded (N) 

0°Cto +70°C 

ADC0834CCJ 

ADC0834CCN 

ADC0834CCWM 

ADC0834CIWM 

±1 

Hermetic (J) 
Molded (N) 
SO(M) 

SO(M) 

-40°Cto +85°C 

0°CtO +70°C 

0°Cto +70°C 
-40°Cto +85°C 

ADC0838BCJ 

ADC0838BCV 

ADC0838BCN 

8 


Hermetic (J) 

PCC (V) 

Molded (N) 

-40°Cto +85°C 

0°Cto +70°C 

0°Cto +70°C 

ADC0838CCJ 

ADC0838CCV 

ADC0838CCN 

ADC0838CIWM 

ADC0838CCWM 

±1 

Hermetic (J) 

PCC (V) 

Molded (N) 
SO(M) 

SO(M) 

-40‘*CtO +85'’C 

0“Cto +70‘’C 

0°Cto +70°C 
-40°Cto +85‘’C 

O^Cto +70°C 


See NS Package Number J08A, J14A, J20A, M14B, M20B, NOSE, N14A, N20A or V20A 
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ADC0833 




National Semiconductor 


ADC0833 8-Bit Serial I/O A/D Converter 
with 4-Channel Multiplexer 


General Description 

The ADC0833, series is an 8-bit successive approximation 
A/D converter with a serial I/O and configurable input multi- 
plexer with 4 channels. The serial I/O is configured to com- 
ply with the NSC MICROWIREtm serial data exchange stan- 
dard for easy interface to the COPStm family of processors, 
as well as with standard shift registers or>Ps. 

The 4-channel multiplexer is software configured for single- 
ended or differential inputs when channel assigned by a 4- 
bit serial word. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 


Features 

■ NSC MICROWIRE compatible-direct interface to COPS 
family processors 

■ Easy interface to ail microprocessors, or operates 
“stand alone’’ 

■ Works with 2.5V (LM336) voltage reference 

■ No full-scale or zero adjust required 

■ Differential analog voltage inputs 

■ 4-channel analog multiplexer 

■ Shunt regulator allows operation with high voltage 
supplies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ TTL/MOS input/output compatible 

■ 0.3" standard width 14-pin DIP package 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 


8 Bits 

± Vz LSB and ± 1 LSB 
5Vdc 
23 mW 
32 juis 


Connection and Functionai Diagrams 


Dual-ln-Line Package (J and N) 




"■^7” 




v+- 

1 


14 

-Vcc 



2 


13 

-Dl 

1 

CHO- 

3 


12 

-CLK 


CHI- 

4 

ADC0833 

11 

-SARS 


CH2- 

5 


10 

-DO 

1 

CH3- 

6 


9 

-Vref/2 

CHO— 1 

DGND- 

7 


8 

-AGND 

CHI— j 



TL/H/5607-14 


Top View 


Order Number ADC0833CCJ, 
ADC0833BCN or ADC0833CCN 
See NS Package Number 
J14A orN14A 


4-CHANNEL S.E. 
OR 

2-CHANNEL 

DIFF. 

MULTIPUER 




Ir 


CS 

CLK 


CONTROL AND 
TIMING 


SAR 


I 

V+ 

(SHUNT 

REG) 


Vcc 

(5V) 


LADDER 

AND 

DECODER 

Vref/2 


I 

AGND 


TL/H/5607-1 
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Absolute Maximum Ratings (Notes i & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Current into V + (Note 3) 1 5 mA 

Supply Voltage, Vcc (Note 3) 6.5V 

Voltage 

Logic Inputs -0.3V to Vcc + 0-3V 

Analog Inputs -0.3V to Vcc + 0-3V 

Input Current per Pin (Note 4) ± 5 mA 

Package Input Current (Note 4) ± 20 mA 

Storage Temperature -65®Cto + ISO^C 

Electrical Characteristics The following specific! 

Vref/2 ^ (Vcc + 0.1 V) unless otherwise specified. Boldface li 
Ta = Tj = 25‘’C. 

Package Dissipation at 

Ta = 25“C (Board Mouht) 0.8W 

Lead Temperature (Soldering, 10 sec.) 
bual-ln-Line Package (Plastic) 260°C 

Dual-lri-Line Package (Ceramic) 300°C 

ESD Susceptibility (Note 5) 2000V 

Operating Conditions (Notes 1 & 2) 

Supply Voltage, Vcc 4.5 Vdc to 6.3 Vpc 

Temperature Range Tmin^Ta^Tmax 

ADC0833CC J - 40“C ^ Ta ^ 85“C 

AbC0833BCN, ADC0833CCN 0'’C^Ta^70“C 

ations apply for Vcc = V+ = 5V, fcLK = 250 kHz and 

mils apply from Tmin TmaxI other limits 




Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Units 



tNOie D; 

(Note 7) 

(Note 8) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error 

Vref/ 2 Forced to 2.500 Vqc 





ADC0833BCN 



+i 

±72 

LSB 

ADC0833CCN 



±i 

±1 

LSB 

ADC0833CCJ 



±1 


LSB 

Minimum Total Ladder 






Resistance (Note 9) 






ADC0833CCJ 


7.0 

2.6 


kn 

ADC0833BCN/CCN 


7.0 

2.6 

2.6 

kn 

Maximum Total Ladder 






Resistance (Note 9) 






ADC0833CCJ 


7.0 

11.8 


kn 

ADC0833BCN/CCN 


7.0 

10.8 

11.8 

kn 

Minimum Common-Mode 

All MUX Inputs and COM Input 





Input Range (Note 10) 






ADC0833CCJ 



GND-0.05 


V 

ADC0833BCN/CCN 



GND-0.05 

GND-0.05 

V 

Maximum Common-Mode 

All MUX Inputs and COM Input 





Input Range (Note 10) 






ADC0833CCJ 



Vcc + 0.05 


V 

ADC0833BCN/CCN 



Vcc + 0.05 

Vcc + 0.05 

V 

DC Common-Mode Error 






ADC0833CCJ 


±yi6 

±74 


LSB 

ADC0833BCN/CCN 


±yi6 

±y4 

±74 

LSB 

Change In Zero 

15mA Into V+ 





Error From Vcc=6V 

Vcc = N.C. 





To Internal Zener 

Vref/2 = 2.500V 





Operation (Note 3) 






ADC0833CCJ 



1 


LSB 

ADC0833BCN/CCN 



1 

1 

LSB 
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El6CtriCdl Chdrsctcristics Ihe following specifications apply tor Vcc = 

V+ = 5V, fcLK = 250 kHz and 

Vref/ 2 ^ (Vcc + 0-1 V) unless otherwise specified. Boldface limits apply from Imin to tiwiAX! other limits Ta = Tj 

= 25“C. 

(Continued) 








Typ 

(Notes) 

Tested 

Design 


Parameter 

Conditions 

Limit 

Limit 




(Note 7) 

(Note 8) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 

Vz, Minimum Internal 

Diode Breakdown 
(At V+) (Notes) 

15mA Into V+ 





ADC0833CCJ 



6.3 


V 

ADC0833BCN/CCN 



6.3 

6.3 

V 

Vz, Maximum Internal 

Diode Breakdown 
(At V+) (Note 3) 

15mA Into V+ 





ADC0833CCJ 



8.5 



ADC0833BCN/CCN 



8.5 

8.5 


Power Supply Sensitivity 

Vcc=5V±5% 





ADC0833CCJ 


±yi6 

±74 


LSB 

ADC0833BCN/CCN 


±yi6 

±y4 

±74 

LSB 

Iqff. Off Channel Leakage 
Current (Note 11) 

On Channel = 5V, Off Channel = OV 





ADC0833CCJ 



-1 


jliA 




-200 


nA 

ADC0833BCN/CCN 




-1 

fiA 




-200 


nA 


On Channel = OV, Off Channel = 5V 





ADC0833CCJ 



1 


jliA 




200 


nA 

ADC0833BCN/CCN 




1 

jllA 




200 


nA 

Iqn. On Channel Leakage 
Current (Note 11) 

On Channel = 5V, Off Channel = OV 





ADC083CCJ 



1 


julA 




200 


nA 

ADC0833BCN/CCN 




1 

julA 




200 


nA 


On Channel = OV, Off Channel = 5V 





ADC083CCJ 



-1 


juiA 




-200 


nA 

ADC0833BCN/CCN 




-1 

juA 




-200 


nA 

DIGITAL AND DC CHARACTERISTICS 

V|N(i). Logical “1” Input 
Voltage 

Vcc = 5.25V 





ADC0833CCJ 



2.0 


V 

ADC0833BCN/CCN 



2.0 

2.0 

V 

V|N(0). Logical “0” Input 
Voltage 

Vcc = 4.75 V 





ADC0833CCJ 



0.8 


V 

ADC0833BCN/CCN 



0.8 

0.8 

V 

I|N( 1 ), Logical “1” Input 
Current 

< 

z 

II 

< 

o 

o 

■1 




ADC0833CCJ 



1 


jiA 

ADC0833BCN/CCN 



1 

1 

fxA 
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Electrical Characteristics The following specifications apply for Vcc = V+ = 5V, fcLK = 250 kHz and 
Vref/2 ^ (Vcc + 0-1 V) unless otherwise specified. Boldface limits apply from tmnN to t^Ax; all other limits Ta = Tj = 25®C. 
(Continued) 




Typ 

(Notes) 

Tested 

Design 


Parameter 

Conditions 

Limit 
(Note 7) 

Limit 
(Note 8) 

Units 


DIGITAL AND DC CHARACTERISTICS (Continued) 


l|N(0). Logical “0” Input 

Current 

ADC0833CCJ 

ADC0833BCN/CCN 

V,N = 0V 

-0.005 

-0.005 

-1 

-1 

-1 

< < 

VouT(i). Logical “1” Output 

Vcc = 4.75 V 




Voltage 





ADC0833CCJ 

IqUT'^ -360|uiA 

2.4 


V 

ADC0833BCN/CCN 


2.4 

2.4 

V 

ADC0833CCJ 

louT= -lOjuA 

4.5 


V 

ADC0833BCN/CCN 


4.5 

4.5 

V 

VoUT(O). Logical “0” Output 

Iqut ~ ^ .6mA, Vcc “ 4.75V 




Voltage 





ADC0833CCJ 


0.4 


V 

ADC0833BCN/CCN 


0.4 

0.4 

V 

•out. TRI-STATE Output 





Current (DO, SARS) 





ADC0833CCJ 

VouT“3'4V —0.1 

-3 


/xA 

ADC0833BCN/CCN 

-0.1 

-3 

-3 

julA 

ADC0833CCJ 

Vout=5V 0.1 

3 


/xA 

ADC0833BCN/CCN 

0.1 

3 

3 

/xA 

ISOURCE 

VouT Short to GND 




ADC0833CCJ 

-14 

-6.5 


mA 

ADC0833BCN/CCN 

-14 

-7.5 

-6.5 

mA 

■sink 

VouT Short to Vcc 




ADC0833CCJ 

16 

8.0 


mA 

ADC0833BCN/CCN 

16 

9.0 

8.0 

mA 

•cc. Supply Current (Note 3) 

Vref/ 2 Open Circuit 




ADC0833CCJ 

0.9 

4.5 


mA 

ADC0833BCN/CCN 

0.9 

4.5 

4.5 

mA 
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AC Electrical Characteristics The following specifications apply for Vcc = V + = 5V and tr = tf = 20 ns 
unless otherwise specified. These limits apply for Ta = Tj = 25®C. 




Typ 

(Note 6) 

Tested 

Design 


Parameter 

Conditions 

Limit 

Limit 

Units 



(Note 7) 

(Note 8) 


fCLK. Clock Frequency Min 



10 


kHz 

Max 




400 

kHz 

Tc, Conversion Time 

Not including MUX Addressing Time 


8 



Clock Duty Cycle (Note 1 2) Min 




■■ 

% 

Max 





% 

tsET-UPi CS Falling Edge or. 

Data Input Valid to CLK 

Rising Edge 




250 


tHOLD. Data Input Valid 
after CLK Rising Edge 




90 

ns 

tpdi. tpdo— CLK Falling 

u. 

Q. 

O 

O 

II 

o 





Edge to Output Data Valid 

Data MSB First 

650 


1500 

ns 

(Note 13) 

Data LSB First 

250 


600 

ns 

*1 H. tOH — Rising Edge of CS 

Cl = IOpF.Rl = 10k 

125 


250 

ns 

to Data Output and SARS 

Cl= 100pF,RL = 2k 


500 


ns 

Hi-Z 

(see TRI-STATE Test Circuits) 





C|N, Capacitance of Logic 

Input 


5 



PF 

Cqut. Capacitance of Logic 
Outputs 


5 



PF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC eiectrical specifications do not appiy when operating 
the device beyond its specified operating conditions. 


Note 2: Ali voltages are measured with respect to the ground pins. 

Note 3: internal zener diodes (approx. 7V) are connected from V+ to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected to 
Vcc via a conventional diode. Since the zener voltage equals the A/D's breakdown voltage, the diode insures that Vcc w'H below breakdown when the device is 
powered from V+. Functionality is therefore guaranteed for V+ operation even though the resuitant voltage at Vcc iTiay exceed the specified Absolute Max. of 
6.5V. It is recommended that a resistor be used to limit the max. current into V+. 

Note 4: When the input voitage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|n > V+) the absolute value of current at that pin shouid be limited 
to 5 mA or less. The 20 mA package input current iimits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 5; Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: Typicals are at 25‘’C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design iimits are guaranteed but not 1 00% tested. These limits are not used to calculate outgoing quality levels. 

Note 9: See Applications, section 3.0. 

Note 10: For V|n(-)^V|n( + ) the digitai output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voitages one diode drop below ground or one diode drop greater than the Vcc suppiy. Be careful, during testing at iow Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especiaily at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V||s 4 or V^ef (^ees not exceed the supply voltage by more than 50 mV, the 
output code will be correct. To achieve an absolute 0 Vcc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over 
temperature variations, initial tolerance and loading. 

Note 11: Leakage current is measured with the clock not switching. 

Note 12: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 1 fis. The maximum time the clock can be high is 60 jus. The 
clocked can be stopped when low so long as the analog input voitage remains stable. 

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 
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Timing Diagrams 



TRi-STATE Test Circuits and Waveforms 


tiH 


*1H» Cl = 10 pF 


Vcc 





tr = 20 ns 


Leakage Current Test Circuit 



TL/H/5607-2 


2-141 


ADC0833 



ADC0833 


Typical Performance Characteristics 


Effect of Unadjusted Offset 
Error vs Vref/ 2 Voltage 



0.1 1.0 
Vref/2(Vdc) 


Linearity Error vs 
Vref Voltage 










ycc= 

. (250 

5V 

<Hz) 




Ta = 2 

50 c 

1 





V 
















%Fe/2(V) 


Linearity Error 
vs Temperature 



Linearity Error vs fcLK 



Power Supply Current 



-75-50 -25 0 25 50 75 100 125 


Output Current 



-100 -50 0 50 100 125 


fcLK (XHz) 


TEMPERATURE (®C) 


TEMPERATURE (®C) 


Power Supply 
Current vs fcLK 



TL/H/5607-3 
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ANALOG 

MUX 

(EQUIVALENT) 


C 


Cs 



START CONV AND ENABLE TSL OUTPUT BUFFER 




DO 


TL/H/5607-4 


ADC0833 Functional Block Diagram 






ADC0833 


Timing Diagram 



Functionai Description 

1.0 MULTIPLEXER ADDRESSING 

The design of the ADC0833 utilizes a sample-data compar- 
ator structure which provides for a differential analog input 
to be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “ + ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended (ground referred) or differential inputs. The an- 
aiog signal conditioning required in transducer-based data 


acquisition systems is significantly simplified with this type 
of input flexibility. One converter package can now handle 
ground referenced inputs and true differential inputs. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing table. The MUX address is shifted into the converter 
through the Dl line. 


TABLE I. MUX Addressing 


Single-Ended MUX Mode 


Address 

Channel # 

SGL/ 

DIF 

ODD/ 

Sf^ 

SELECT 

D 




1 

0 

1 

0 

0 

1 

+ 




1 

0 

1 

1 



+ 


1 

1 

0 

1 





1 

1 

1 

1 




‘ + 


COM is internally ties to a GND 


Differential MUX Mode 


Address 

Channel # 

SGL/ 

ODD/ 

SELECT 

0 

1 

2 

3 

DIF 

S!^ 

1 

0 





0 

0 

0 

1 

+ 

-■ 



0 

0 

1 

1 



+ 

- 


1 

0 

1 

- 

+ 



0 

1 

1 

1 



- 

+ 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50mV above Vcc(typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 


ting highly noise immune digital data back to the host proc- 
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagram and Functional Block Diagram 
and to follow a complete conversion sequence. 

1. A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock Is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit Is the first logic “1” that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 4 bits to be the MUX assignment 
word. 


4 Single-Ended 2 Differential 




Mixed Mode 



-I- 



2 — 

+ 

3 

+ 


AGND 




TL/H/5607-6 


FIGURE 1. Analog Input Multiplexer Options for the ADC0833 
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Functional Description (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of Va clock 
period (where nothing happens) is automaticaily inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the Dl line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor Immediately. 

7. After 8 clock periods the conversion is completed. The 
SAR status line returns low to indicate this Va clock cycle 
later. 

8. If the programmer prefers, the data can be read in an LSB 
first format. All 8 bits of the result are stored in an output 
shift register. The conversion result, LSB first, is automati- 
cally shifted out the DO line, after the MSB first data stream. 
The DO line then goes low and stays low until CS is re- 
turned high. 

9. All internal registers are cleared when the SS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 

The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl input is only “looked-at” during 
the MUX addressing interval while the DO line is still In a 
high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The ADC0833 is Intended primarily for use in circuits requir- 
ing absolute accuracy. In this type of system, the analog 


inputs vary between very specific voltage limits and the ref- 
erence voltage for the A/D converter must remain stable 
with time and temperature. For ratiometric applications, an 
ADC0834 is a pin-for-pin compatibie alternative since it has 
a Vref input (note the ADC0834 needs one less bit of mux 
addressing information). 

The voltage applied to the Vref/ 2 pin defines the voltage 
span of the analog input [the difference between V||m(+) 
and V|n(-)] over which the 256 possible output codes ap- 
ply. A full-scale conversion (an all 1s output code) will result 
when the voltage difference between a selected “ + ” input 
and input is approximately twice the voltage at the 
Vref/ 2 pin. This internal gain of 2 from the applied refer- 
ence to the full-scale input voltage allows biasing a low volt- 
age reference diode from the 5Vpc converter supply. To 
accommodate a 5V input span, only a 2.5V reference is 
required. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. The out- 
put code changes in accordance with the following equa- 
tion: 

p., _ oc R f V|n( + ) - V|n(-) \ 

Output Code 256 2(Vref/2) / 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term Vref/ 2 is 
the voltage from pin 9 to ground. 

The Vref/2 pin is the center point of a two resistor divider 
(each resistor is 3.5 kH) connected from Vcc to ground. 
Total ladder input resistance is the sum of these two equal 
resistors. As shown in Figure 2, a reference diode with a 
voltage less than Vcc/2 can be connected without requiring 
an external biasing resistor if its current requirements meet 
the indicated level. 

The minimum value of Vref/ 2 can be quite small (see Typi- 
cal Performance Characteristics) to allow direct conversions 
of transducer outputs providing less than a 5V output span. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when oper- 
ating with a reduced span due to the increased sensitivity of 
the converter (1 LSB equals Vref/256). 


Vcc 

sv 




VfULL-SCALE-2.4V 


.Vcc^ 


VfuLL-SCALE-5-OV 

, Vcc/2 - Vz 


FIGURE 2. Reference Biasing Exampies 


TL/H/5607-7 
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Functional Description (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the inputs be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“ + ” input and then the input is Vz of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

Verror(max) = VpEAK(27rfcM) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value 
and fcLK is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a Vi LSB 
error (~5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 
Due to the sampling nature of the analog inputs short spikes 
of current enter the “ + ” input and exit the “ - ” input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kft. 
This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 jmA over temperature will 
create a 1 mV inut error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(min). is not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) input at this V|N(min) value. This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n(-) input and applying a small 
magnitude positive voltage to the V|n(+) input. Zero error is 
the difference between the actual DC Input voltage which 


is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the Ideal 1/2 LSB value 
iVz LSB = 9.8 mV for Vref/2 = 2.500 Vdc). 

5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vz LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input or Vcc for a digital output code 
which Is just changing from 1111 1 1 1 0 to 1 1 1 1 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n(+) voltage which 
equals this desired zero reference plus Vz LSB (where the 
LSB is calculated for the desired analog span, using 
1 LSB = analog span/256) is applied to selected input 
and the zero reference voltage at the corresponding 
Input should then be adjusted to just obtain the OOrex to 
01 hex code transition. 

The full-scale adjustment should be made [with the proper 
V|n(~) voltage applied] by forcing a voltage to the V|n(+) 
input which Is given by; 

where: 

Vmax= the high end of the analog input range 
and 

Vmin= the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vref/ 2 voltage is then adjusted to provide a code 
change from FEhex to FFhex- This completes the adjust- 
ment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0833 is the inclusion of a 7V 
zener diode connected from the V+ terminal to ground 
which also connects to the Vcc terminal (which is the actual 
converter supply) through a silicon diode, as shown in Fig- 
ure 3. 



TL/H/5607-8 

FIGURE 3. An On-Chip Shunt Regulator Diode 
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Functional Description (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vcc is shown In Figures 6 and 7. Here, this diode Is 
used as a rectifier to allow the Vcc supply for the converter 


Applications 



Compensated Reference 



FIGURE 6. Generally Vqc from the Converter Clock 


to be derived from the clock. The low current requirements 
of the A/D (-^3 mA) and the relatively high clock frequen- 
cies used (typically in the range of 10k-400 kHz) allows us- 
ing the small value filter capacitor shown to keep the ripple 
on the Vcc line to well under % of, an LSB. The shunt zener 
regulator can also be used in this mode. This requires a 
clock voltage swing which is in excess of Vz. A current limit 
for the zener is needed, either built into the clock generator 
or a resistor can be used from the CLK pin to the V+ pin. 


12V 



TL/H/5607-16 

FIGURE 5. Using the A/D as the 
System Supply Regulator 



TL/H/5607-9 

FIGURE 7. Remote Sensing— Clock 
and Power on 1 Wire 
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Applications (Continued) 

Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 




COP CODING EXAMPLE 

8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

Instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START: 

ANL 

PI, #0F7H 

SELECT A/D (CS=0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTERS- 5 

OGI 

G0 = 0(CS = 0) 


MOV 

A, #ADDR , 

A ^ MUX ADDRESS 

CLR A 

CLEARS ACCUMULATOR 

LOOP1: 

RRC 

A 

CY ADDRESS BIT 

AISC 1 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




BIT=0 


AND STARTS SK CLOCK 

ZERO: 

ANL 

PI, #0FEH 

DI<-0 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT=1 

NOP 

— 

ONE: 

ORL 

PI, #1 

Dl<~1 

XAS 

LOADS MUX ADDRESS FROM 

CONT: 

CALL 

PULSE 

PULSE SK0->1 ->0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

t 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BIT COUNTER ^8 

i 


LOOP 2: 

CALL 

PULSE 

PULSESKO-^ 1 ->0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY<-DO 


INTO ACCUMULATOR 


RRC 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLR A 

CLEARS ACCUMULATOR 


MOV 

A,C 

A RESULT 

RC 

C = 0 


RLC 

A 

A(0)^BIT AND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C,A 

C 4- RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0=1 (^=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE: 

ORL 

PI, #04 

SK<-1 




NOP 


DELAY 




ANL 

PI, #0FBH 

SK-^-0 




RET 
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Applications (Continued) 


A “Stand-Alone” Hook-Up for ADC0833 Evaluation 


>' ' O 5 Vpc 
START BIT 

- sgl/dTf 


S 


p i i i i_n] 

PARALLEL INPUTS GNO 


(I 5Vdc(0RV,n) 
^M/6 74C(M ? 


PUSH TO 
START THE 
A/0 CONVERSION 



C04093 CLR 

Q 0 


CLR 

Vcc 

GNO 

SI A 

OUTPUT SHIFT REGISTER 


74C164 


CLK 


Qh 

Oa 

Il3 |12 11 |10 je 1 

i‘ r ’ 

1. 1. L 1 . L j 

► > > 

► ^ > NSL5027(«) 


1/2 74C74 


Low Cost Remote Temperature Sensor 


tV,NW Vcc^ 
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Applications (Continued) 


Span Adjust: OV ^ Vin ^ 3V 



Zero-Shift and Span Adjust: 2V^ V|n^5V 


SETS ZERO 
CODE VOLTAGE , 


V,nW 

Vcc 


ADC0a33 

v,nH 

VbEF /2 

330 

■' AAA# 


I I 1/2 LM3S8 


L 1__L_J 


2.7k > 2 Vdc 
> ZERO AOJ 


Protecting the Input 


High Accuracy Comparators 


ISVdc 

?0P Ai 

r+slAMP 5ooja soon 


^ccrT» 

^IOalF 




Vcc 



0.1 

VthI — 

V 


ADC0833 01 

? 


2.3 DO 

Vtm2— 

+ 

Vref/2 

GND 


DO = all is if + V|N > -V|N 
DO = all Os if + V|N < -V|N 


Diodes are 1N914 TL/H/5607-20 

For additional application ideas, refer to the data sheet for the ADC0831 family of serial data converters. 
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Ordering Information 


Part Number 

Temperature 

Range 

Total 

Unadjusted 

Error 

ADC0833BCN 

0°Cto +70°C 

±1/2 LSB 

ADC0833CCJ 

-40“Cto +85“C 

±1LSB 

ADC0833CCN 

0°Cto +70°C 
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ADC08031/ADC08032/ADC08034/ADC08038 


National Semiconductor 

ADC08031/ADC08032/ADC08034/ADC08038 8-Bit 
High-Speed Seriai I/O A/D Converters with Multiplexer 
Options, Voltage Reference, and Track/Hold Function 

General Description 

The ADC08031 /ADC08032/ADC08034/ADC08038 are 
8-bit successive approximation A/D converters with serial I/ 

O and configurable input multiplexers with up to 8 channels. 

The serial I/O Is configured to comply with the NSC 
MICROWIRETM serial data exchange standard for easy in- 
terface to the COPSTM family of controllers, and can easily 
interface with standard shift registers or microprocessors. 

The ADC08034 and ADC08038 provide a 2.6V band-gap 
derived reference. For devices offering guaranteed voltage 
reference performance over temperature see ADC08131, 

ADC08134 and ADC08138. 

A track/hold function allows the analog voltage at the posi- 
tive input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1 V 
can be accommodated. 

Applications 

■ Digitizing automotive sensors 

■ Process control monitoring 

■ Remote sensing in noisy environments 

■ instrumentation 

■ Test systems 

■ Embedded diagnostics 


Ordering Information 


Industrial (-40"C ^ Ta ^ +85'’C) 

Package 

ADC08031BIN, ADC08031CIN 

N08E 

ADC08032BIN, ADC08032CIN 

N08E 

ADC08034BIN, ADC08034CIN 

N14A 

ADC08038BIN, ADC08038CIN 

N20A 

ADC08031BIWM, ADC08031CIWM, 
ADC08032BIWM, ADC08032CIWM, 
ADC08034BIWM, ADC08034CIWM 

M14B 

ADC08038BIWM, ADC08038CIWM 

M20B 


Features 

■ Serial digital data link requires few I/O pins 

■ Analog input track/hold function 

■ 2-, 4-, or 8-channel input multiplexer options with ad- 
dress logic 

■ OV to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjustment required 

■ TTL/CMOS input/output compatible 

■ On chip 2.6V band-gap reference 

■ 0.3" standard width 8-, 14-, or 20-pin DIP package 

■ 14-, 20-pin small-outline packages 

Key Specifications 

■ Resolution 8 bits 

■ Conversion time (fc = 1 MHz) 8jui.s (max) 

■ Power dissipation 20mW (max) 

■ Single supply 5 Vdc(±5%) 

■ Total unadjusted error ± Va LSB and ± 1 LSB 

■ No missing codes over temperature 
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Connection Diagrams 


ADC08034 


— ^ 

1 

ZT — 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


Vref 1 
CS- 2 
CH0«* 2 
CHI- 4 
CH2- 5 
CHS- 6 
DGND- 7 


— ^ 

1 

D — ■ 

u 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


ADC08032 

Dual-ln-Line Package 


ADC08031 

Dual-ln-Line Package 








1 

8 

■”''CC(REF) 

cs- 

1 

8 

2 

7 

-CLK 

V|H*- 

2 

7 

3 

6 

-DO 

V- 

3 

6 

4 

5 

-01 

GND- 

4 

5 


ADC08032 

Small Outline Package 


ADC08031 

Small Outline Package 


1 

14 

-Vcc (Vref) 

CS- 

1 

Z^ 

14 

2 

13 

-NC 

NC- 

2 

13 

3 

12 

-CLK 

Vin(*)- 

3 

12 

4 

11 

-NC 

NC- 


11 

5 

10 

-DO 

v,n(-)- 

5 

10 

6 

9 

-NC 

NC- 

6 

9 

7 

8 

-Dl 

GND- 

7 

8 


TL/H/10555-31 


2-155 


ADC08031/ADC08032/ADC08034/ADC08038 





ADC08031/ADC08032/ADC08034/ADC08038 


Absolute Maximum Ratings (Notes 1& 3) Operating Ratings (Notes 2 &3) 

If Military/ Aerospace specified devices are required, Temperature Range Tmin ^ ^ '^MAX 

please contact the National Semiconductor Sales ADC08031BIN, ADC08031CIN, -40“C ^ Ta ^ +85“C 

Office/Distributors for availability and specifications. ADC08032BIN, ADC08032CIN, 

Supply Voltage (Vcc) 6.5V ADC08034BIN, ADC08034CIN, 

Voltage at Inputs and Outputs -0.3V to Vcc + 0.3V ADC08038BIN, ADC08038CIN, 

Input Current at Any Pin (Note 4) ±5mA ADC08031 BIWM, ADC08032BIWM, 

Package Input Current (Note 4) ±20 mA ADC08034BIWM, ADC08038BIWM 

Power Dissipation at Ta = 25"C (Note 5) 800 mW ADC08031 CIWM, ADC08032CIWM, 

BSD Susceptibility (Note 6) 1500V ADC08034CIWM, ADC08038CIWM 

"“NraXtSec") 260«C Supply Voltage (Vcc) 4.5 Vpc to 6.3 Vpc 

SO Package: 

Vapor, Phase (60 sec.) 215*C 

Infrared (15 sec.) (Note 7) 220‘’C 

Storage Temperature -65^Cto +150**C 

Electrical Characteristics 

The following specifications apply for Vcc = Vref = +5 Vqc. and fcLK = 1 MHz unless otherwise specified. Boldface limits 
apply for Ta = Tj = Twin Tmax; all other limits Ta = Tj = 25'’C. 

Symbol 

Parameter 

Conditions 

ADC08031,ADC08032, 
ADC08034 and 

ADC08b38 with BIN, 

CIN, BIWM or 

CIWM Suffixes 

Units 

(Limits) 

Typical 
(Note 8) 

Limits 
(Note 9) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 

BIN, BIWM 

GIN, CIWM 

(Note 10) 


±72 

±1 



Differential 

Linearity 



8 

Bits (min) 

Rref 

Reference Input Resistance 

(Note 11) 

3.6 

1.3 

6.0 

kn 

kft (min) 
kft (max) 

V|N 

Analog Input Voltage 

(Note 12) 


(Vcc + 0 . 05 ) 
( GND - 0 . 05 ) 

V (max) 

V (min) 


DC Common-Mode Error 



, . ±74.. 

LSB (max) 


Power Supply Sensitivity 

Vcc = 5V±5%, 

Vref = 4.75V 





On Channel Leakage 

Current (Note 13) 

mam 


0.2 

1 


HBI 


-0.2 

-1 



Off Channel Leakage 

Current (Note 13) 

On Channel = 5V, 
Offbhannel = OV 


-0.2 

-1 

fxA (max) 

On Channel = OV, 

Off Channel = 5V 


0.2 

1 

juiA (max) 
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Electrical Characteristics (continued) 

The following specifications apply for Vcc = Vref = +5 Vdc. and fcLK = 1 MHz unless otherwise specified. Boldface limits 
apply for Ta = Tj = T^in to Tmax; all other limits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

ADC08031,ADC08032, 
ADC08034 and 
ADC08038 with BIN, 

CIN, BIWM or 

CIWM Suffixes 

Units 

(Limits) 

Typical 
(Note 8) 

Limits 
(Note 9) 


DIGITAL AND DC CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

Vcc = 5.25V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

Vcc = 4.75V 


0.8 

V (max) 

l|N(1) 

Logical “1” Input Current 

V|N = 5.0V 


1 

jLtA (max) 

l|N(0) 

Logical “0” Input Current 

V,N = OV 


-1 

/xA (max) 

V0UT(1) 

Logical “1 ” Output Voltage 

Vcc = 4.75V: 

•out = —360 fxA 
•out = -10 juA 


2.4 

4.5 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

Vcc = 4.75V 
•out =1.6 mA 


0.4 

V (max) 

bUT 

TRI-STATE® Output Current 

VoUT = OV 

VoUT = 5V 


-3.0 

3.0 

fxA (max) 
jaA (max) 

•source 

Output Source Current 

VoUT = OV 


-6.5 

mA (min) 

•sink 

Output Sink Current 

VoUT = Vcc 


8.0 

mA (min) 

•cc 

Supply Current 
ADC08031,ADC08034, 
and ADC08038 

ADC08032 (Note 16) 

CS = HIGH 


3.0 

7.0 

mA (max) 

mA (max) 

REFERENCE CHARACTERISTICS 

VrefOUT 

Nominal Reference Output 

VrefO^-IT Option 

Available Only on 

ADC08034 and ADC08038 

2.6 


V 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = Vref = +5 Vdc. and tr = tf = 20 ns unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin to Tmax; all othar limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

fCLK 

Clock Frequency 


10 

1 

kHz (min) 

MHz (max) 


Clock Duty Cycle 
(Note 14) 



40 

60 

% (min) 

% (max) 

TC 

Conversion Time (Not Including 

MUX Addressing Time) 

^CLK = "• MHz 


8 

8 

1/fcLK (max) 
jLts (max) 

tCA 

Acquisition Time 



Vz 

1/fcLK(max) 

tSELECT 

CLK High while CS is High 


50 


ns 

tSET-UP 

^ Falling Edge or Data Input 

Valid to CLK Rising Edge 



25 

ns (min) 

tHOLD 

Data Input Valid after CLK 

Rising Edge 



20 

ns (min) 

tpd1 > ^pdO 

CLK Falling Edge to Output 

Data Valid (Note 1 5) 

Cl= lOOpF: 

Data MSB First 

Data LSB First 


250 

200 

ns (max) 
ns (max) 

tlH. tOH 

TRI-STATE Delay from Rising Edge 
of ^ to Data Output and SARS Hi-Z 

Cl = iopF.Rl = 10 kn 
(see TRI-STATE Test Circuits) 

50 


ns 

Cl= 100 pF, Rl = 2kn 


180 

ns (max) 

C|N 

Capacitance of Logic Inputs 


5 


pF 

Gout 

Capacitance of Logic Outputs 


5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functionai. These ratings do not guarantee specific performance iimits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions iisted. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Vdc. unless otherwise specified. 

Note 4: When the input voltage Vin at any pin exceeds the power supplies (V|n < (AGND or DGND) or V|n > Vcc.) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjj^^y, 0ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjj^/iax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, BIJ, CIJ, BIWM, and CIWM = 125‘’C. For devices with suffix CMJ, = 150°C. The typical thermal resistances (0ja) of these 

parts when board mounted follow: ADC08031 and ADC08032 with BIN and CIN suffixes 120“C/W, ADC08034 with BIN and CIN suffixes 95“C/W, ADC08038 with 
BIN and CIN suffixes 80“C/W. ADC08031 with BIWM and CIWM suffixes UO^C/W, ADC08032 with BIWM and CIWM suffixes 140“C/W. ADC08034 with BIWM and 
CIWM suffixes UO'-C/W, ADC08038 with BIWM and CIWM suffixes 9rC/W. 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kft resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25'’C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes offset, full-scale, linearity, multiplexer. 

Note 11: Cannot be tested for the ADC08032. 

Note 12: For V|im(_) ^ V|n(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures, which will cause errors for analog inputs near full-scale. The spec allows 
50 mV forward bias of either diode; this means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be 
correct. Exceeding this range on an unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vqc to 5 Vpc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vqc) and the remaining seven off channels tied low (0 Vqc). total current flow through the off 
channels is measured: two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 450 ns. The maximum time the clock can be high or low is 100 jas. 

Note 15: Since data, MSB first, is the output of the comparator used In the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16; For the ADC08032 VrefIN is internally tied to Vcc. therefore, for the ADC08032 reference current is included in the supply current. 
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Typical Performance Characteristics 
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TRI-STATE Test Circuits and Waveforms 




tiH 




tOH 
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Timing Diagrams 


Data Input Timing 



TL/H/1 0555- 10 

*To reset these devices, CLK and ^ must be simultaneously high for a period of Iselect or greater. Otherwise these devices are compatible with industry 
standards ADC0831/2/4/8. 



TL/H/1 0555-11 


ADC08031 Start Conversion Timing 





Timing Diagrams (Continued) 


ADC08031 Timing 
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•LSB first output not available on ADC08031. 

LSB information is maintained for remainder of clock periods until CS goes high. 
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ADC08032 Timing 
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*Some of these functions/pins are not available with other options. 

Note 1: For the ADC08034, the “SEL 1” Flip-Flop is bypassed, for the ADC08032, both “SEL 0” and "SEL 1” Flip-Flops are bypassed. 
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Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned “ + ” input voltage is less than the 
input voltage the converter responds with an all zeros out- 
put code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced Inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 
ed as a differential pair but channel 0 or 1 cannot act 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
0 may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 

The MUX address is shifted into the converter via the Dl 
line. Because the ADC08031 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 

The common input line (COM) on the ADC08038 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single-sup- 
ply applications where the analog circuity may be biased up 
to a potential other than ground and the output signals are 
all referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part 

Number 

Number of Analog Channels 

Number of 
Package Pins 

Single-Ended 

Differential 

ADC08031 

1 

1 

8 

ADC08032 

2 

1 

8 

ADC08034 

4 

2 

14 

ADC08038 

8 

4 

20 


TABLE II. MUX Addressing: ADC08038 


Single-Ended MUX Mode 


MUX Address 


Analog Single-Ended Channel # 


START 

SQL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

1 

0 

1 

1 

0 

0 

0 

+ 








- 

1 

1 

0 

0 

1 



+ 






- 

1 

1 

0 

1 

0 





+ 




- 

1 

1 

0 

1 

1 







+ 


- 

1 

1 

1 

0 

0 


+ 







- 

1 

1 

1 

0 

1 









- 

1 

1 

1 

1 

0 






+ 



- 

1 

1 

1 

1 

1 








+ 

- 
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Functional Description (continued) 

TABLE II. MUX Addressing: ADC08038 (Continued) 

Differential MUX Mode 

MUX Address 

Analog Differential Channel-Pair # 

START 

SGL/ 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

1 

2 

3 

4 

5 

6 

7 

1 

0 

0 

0 

0 

+ 

- 







1 

0 

0 

0 

1 



+ 

- 





1 

0 

0 

1 

0 





+ 

- 



1 

0 

0 

1 

1 







+ 

- 

1 

0 

1 

0 

0 

- 

+ 







1 

0 

1 

0 

1 



- 






1 

0 

1 

1 

0 





- 

+ 



1 

0 

1 

1 

1 







- 

+ 


TABLE III. MUX Addressing: ADC08034 TABLE IV. MUX Addressing: 

Single-Ended MUX Mode ADC08032 

I 1 1 Single-Ended MUX Mode 


MUX Address 

Channel # 

START 

SGL/ 

DiF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

1 

1 

0 

0 

+ 




1 

1 

0 

1 



+ 


1 

1 

1 

0 


+ 



1 

1 

1 

1 




+ 


MUX Address 

Channel # 

START 

SGL/ 

DiF 

ODD/ 

SIGN 

0 

1 

1 

1 

0 

+ 


1 

1 

1 


+ 


COM is internally tied to AGND 


COM is internally tied to AGND 


Differential MUX Mode 


MUX Address 


Channel # 


START 


SQL/ 

DIF 


ODD/ 

SIGN 


SELECT 


Differential MUX Mode 


MUX Address 

Channel # 

START 

SGL/ 

DiF 

ODD/ 

SIGN 

0 


1 

0 

0 

+ 

- 

1 

0 

1 

- 

+ 


1 

1 


0 


1 


1 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 1 illustrates the input flexibility which can be achieved. 
The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included In a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 



8 Single-Ended 

0 .III 

+ 

1 

+ 

2 

+ 

3 

+ 

4. 

+ 

5 

+ 

6 

+ 

7 

+ 

x~ 

COM ( — ) 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 

1 . A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 



4 Differential 

0, 1 

2, 3 

4, 5 

6,7 


+ (-) 

-{ + ) 
+ (-) 

-( + ) 

.(-) 

-( + ) 
+ (-) 

-( + ) 


Mixed Mode 





FIGURE 1. Analog Input Multiplexer Options for the ADC08038 
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Functional Description (Continued) 

3. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of Va clock 
period (where nothing happeiis) is automatically inserted 
to allow the selected MUX channel to settle. The SARS 
line goes high at this time to signal that a conversion is 
now in progress and the Dl line is disabled (it no longer 
accepts data). 

4. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

5. During the conversion the output of the SAR comparator 
indicates whether the analog input is greater than (high) 
or less than (low) a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 

6. After 8 clock periods the conversion is completed. The 
SARS line returns low to indicate this yz clock cycle later. 

7. The stored data in the successive approximation register 
is loaded into an internal shift register. If the programmer 
prefers the data can be provided in LSB first format 
[this makes use of ^ shift enable (SE) control line]. On 
the ADC08038 the ^ line is brought out and if held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not include the ^ control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until CS is returned high. The 
ADC08031 is an exception in that its data is only output In 
MSB first format. 

8. All internal registers are cleared when the CS line is high 
and the tsELECT requirement is met. See Data Input Tim- 
ing un^r Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 



FIGURE 2. 


The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. 
This is possible because the Dl input is only “looked-at” 
during the MUX addressing interval while the DO line is 
still In a high Impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input on these convert- 
ers, VrefIN, defines the voltage span of the analog input 
(the difference between V|n(max) V|n(min) over which 
the 256 possible output codes apply. The devices can be 
used either in ratiometric applications or in systems requir- 
ing absolute accuracy. The reference pin must be connect- 
ed to a voltage source capable of driving the reference input 
resistance which can be as low as 1 .3kn. This pin is the top 
of a resistor divider string and capacitor array used for the 
successive approximation conversion. 

In a ratiometric system the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the VrerIN pin 
can be tied to Vcc (done internally on the ADC08032). This 
technique relaxes the stability requirements of the system 
reference as the analog input and A/D reference move to- 
gether maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
For the ADC08034 and the ADC08038 a band-gap derived 
reference voltage of 2.6V (Note 8) is tied to VrefOUT. This 
can be tied back to VrefIN. Bypassing VrerOUT with a 
lOOjaF capacitor is recommended. The LM385 and LM336 
reference diodes are good low current devices to use with 
these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vrer/ 
256). 



TL/H/10555-19 

b) Absolute with a Reduced Span 
Examples 
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Functional Description (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the “ + ” input and then the input is Va of a clock peri- 
od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 

Verror(fnax) = VpEAK(27rfcM) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value 
and fcLK is the A/D clock frequency. 

For a 60Hz common-mode signal to generate a % LSB er- 
ror (~5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as it exceeds the maximum analog input limits. 
Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. Bypass capac- 
itors should not be used if the source resistance is greater 
than 1 kfl. The worst-case leakage current of ± 1 jaA over 
temperature will create a 1 mV input error with a 1 kCl source 
resistance. An op amp RQ active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(min). is not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) input at this V|n(min) value. This 
utilizes the differential mode operation of the A/D. 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n (-) input and applying a small 
magnitude positive voltage to the V|n (+) Input. Zero error 
is the difference between the actual DC input voltage which 
Is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal >2 LSB value 
iVz LSB = 9.8mV for Vref = S.OOOVdc). 

5.2 Full Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Yz LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VrefIN input (or Vcc ^or the ADC08032) for a 
digital output code which is just changing from 1111 1 1 10 to 
1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n (+) voltage which 
equals this desired zero reference plus % LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “ + ” input and 
the zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex to 01 rex 
code transition. 

The full-scale adjustment should be made [with the proper 
V|N (-) voltage applied] by forcing a voltage to the V|n (+) 
input which is given by: 

where: 

Vmax = the high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VrefIN (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 
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Applications 


A “Stand-Alone” Hook-Up for ADC08038 Evaluation 


MUX ADDRESS 



*Pinouts shown for ADC08038. 

For all other products tie to pin functions as shown. 


Low-Cost Remote Temperature Sensor 

Vcc 

ISVdc) 



TL/H/10555-21 
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Applications (Continued) 


Protecting the Input 


High Accuracy Comparators 


(5 Voc) 



5V 



Digital Load Cell 


330 



; • TL/H/10555-27 

• Uses one more wire than load cell itself 

• Two mini-DIPs could be mounted inside load cell for digital output transducer 

• Electronic offset and gain trims relax mechanical specs for gauge factor and offset 

• Low level cell output is converted immediately for high noise immunity 



Applications (Continued) 


4 mA-20 mA Current Loop Converter 



• All power supplied by loop TL/H/10555-28 

• 1 500V isolation at output 


Isolated Data Converter 



TL/H/1 0555-29 
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National Semiconductor 


ADC08131/ADC08134/ADC08138 8-Bit High-Speed 
Serial I/O A/D Converters with Multiplexer Options, 
Voltage Reference, and Track/Hold Function 


General Description 

The ADC08131/ADC08134/ADC08138 are 8-bit succes- 
sive approximation A/D converters with serial I/O and con- 
figurable input multiplexers with up to 8 channels. The serial 
I/O Is configured to comply with the NSC MICROWIREtm 
serial data exchange standard for easy interface to the 
COPSTM family of controllers, and can easily interface with 
standard shift registers or microprocessors. 

All three devices provide a 2.5V band-gap derived reference 
with guaranteed performance over temperature. 

A track/ hold function allows the analog voltage at the posi- 
tive input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1 V 
can be accommodated. 

Applications 

■ Digitizing automotive sensors 

■ Process controi/monitoring 

■ Remote sensing in noisy environments 

■ Embedded diagnostics 


Features 

■ Serial digital data link requires few I/O pins 

■ Analog input track/hold function 

■ 4- or 8-channel input multiplexer options with address 
logic 

■ On-chip 2.5V band-gap reference (±2% over tempera- 
ture guaranteed) 

■ No zero or full scale adjustment required 

■ TTL/CMOS input/output compatible 

■ OV to 5V analog input range with single 5V power 
supply 


Key Specifications 

■ Resolution 

■ Conversion time (fc = 1 MHz) 

■ Power dissipation 

■ Single supply 

■ Total unadjusted error 

■ Linearity Error (Vref = 2.5V) 

■ No missing codes (over temperature) 

■ On-board Reference +2.5V ±1.5% (Max) 


8 Bits 
8 |Lts (Max) 
20 mW (Max) 
5 Vdc(±5%) 
± 1/2 LSB and ±1 LSB 
± 1/2 LSB 


Ordering Information 


Connection Diagrams 
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ADC08131 


Dual-In-Line Package 

cs- 


-Vcc 

V|N+- 

2 7 

-CLK 

VlN 
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-DO 

GND- 

4 5 

“VrefC 
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Absolute Maximum Ratings (Notes 1 & 3) 

If Mliitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) 6.5V 

Voltage at Inputs and Outputs -0.3V to Vcc + 0-3V 

Input Current at Any Pin (Note 4) ± 5 mA 

Package I nput Current (Note 4) ± 20 m A 

Power Dissipation at Ta = 25'’C (Note 5) 800 mW 

ESD Susceptibility (Note 6) 1 500V 

Soldering Information 

N Package (1 0 sec.) 260°C 

SO Package: 

Vapor Phase (60 sec.) 2 1 5°C 

Infrared (1 5 sec.) (Note 7) 220'’C 

Storage T emperature - 65'’C to + 1 50'’C 


Operating Ratings (Notes 2 & 3) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC08131BIN, ADC08131CIN, -40'’C ^ Ta ^ +85°C 
ADC08134BIN, ADC08134CIN, 

ADC08138BIN, ADC08138CIN, 

ADC08134BIWM, ADC08138BIWM, 

ADC08134CIWM, ADC08138CIWM 

Supply Voltage (Vcc) 4.5 Vdc to 6.3 Vdc 


Electrical Characteristics 

The following specifications apply for Vcc = +5 Vdc. Vref = +2.5 Vqc and fcLK = 1 MHz unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

ADC08131, 

ADC08134 and 

ADC08138 with BIN, 

CIN, BIWM or 

CIWM Suffixes 

Units 

(Limits) 




Typical Limits 

(Note 8) (Note 9) 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = + 5 Vdc. Vref = + 2.5 Vdc and fcLK = MHz unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax: all other limits Ta = Tj = 



I CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 
DC Common-Mode Error Vref ~ 2.5 Vpc 


Power Supply Sensitivity Vcc = +5V ±5%, 

Vref = +2.5 Vdc 



On Channel Leakage 

Current (Note 13) 

On Channel = 5V, 

Off Channel = OV 


On Channel = OV, 

Off Channel = 5V 

Off Channel Leakage 

On Channel = 5V, 

Current (Note 13) 

Off Channel = OV 


On Channel = OV, 


Off Channel = 5V 


DIGITAL AND DD CHARACTERISTICS 


V|N(1) 

Logical “1 ” Input Voltage 

Vcc = 5.25V 

V|N(0) 

Logical “0” Input Voltage 

Vcc = 4.75V 

•lN(1) 

Logical “1” Input Current 

V|N = 5.0V 

l|N(0) 

Logical “0” Input Current 

V,N = OV 


Logical “1 ” Output Voltage 


Logical “0” Output Voltage 


Vcc = 4.75V: 
•out = -360 jliA 
IqUT = — 10 /xA 

Vcc = 4.75V 
•out =1-6 mA 



LSB (max) 


LSB (max) 


jliA (max) 


juA (max) 


fiA (max) 


jLtA (max) 


V (min) 


V(max) 
jliA (max) 


JLtA (max) 


/xA (max) 
juA (max) 


mA (min) 


mA (min) 















































Electrical Characteristics (continued) 

The following specifications apply for Vcc = + 5 Vdc and fcLK = ^ MHz unless otherwise specified. Boldface limits apply for 

Ta = Tj = Tmin to TmaxI all other limits Ta = Tj = 25°C. 

Symbol 

Parameter 

Conditions 

ADC08131, 

ADC08134 and 
ADC08138 with BIN, 

CIN, BIWM or 

CIWM Suffixes 

Units 

(Limits) 

Typical 
(Note 8} 

Limits 
(Note 9) 

REFERENCE CHARACTERISTICS 

VrefOUT 

Output Voltage 

ADC08134, 

ADC08138 

2.5 

±2% 

2.5 ±1.5% 

V 

ADC08131 

2.5 

±2% 

2.5 ±1.5% 

AVref/AT 

Temperature Coefficient 


40 


ppm/“C 

AVref/AIl 

Load Regulation 
(Note 17) 

Sourcing 

(0 ^ II ^ +4 mA) 
ADC08134, 

ADC08138 

’ 

0.003 

0.1 

%/mA 

(max) 

Sourcing 

(0 ^ II ^ +2 mA) 
ADC08131 

0.003 

0.1 

Sinking 

(-1 ^iL^OmA) 
ADC08134, 

ADC08138 

0.2 

0.5 

Sinking 

(-1^lL:^0mA) 

ADC08131 

0.2 

0.5 


Line Regulation 

4.75V ^ Vcc ^ 5.25V 

0.5 

6 

mV 

(max) 

•sc 

Short Circuit Current 

Vref = ov 

ADC08134. 

ADC08138 

8 

25 

mA 

(max) 

Vref = OV 

ADC08131 

8 

25 

Tsu 

Start-Up Time 

Vcc: OV ^ 5V 

Cl = lOOjLtF 

20 


ms 

AVref/AI 

Long Term Stability 


200 


ppm/1 kHr 
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Electrical Characteristics (Continued) 


The following specifications apply for Vcc = +5 Vdc. Vref = +2.5 Vdc and tr = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

^CLK 

Clock Frequency 


10 

1 

kHz (min) 

MHz (max) 


Clock Duty Cycle 
(Note 14) 



40 

60 

% (min) 

% (max) 

Tc 

Conversion Time (Not Including 

MUX Addressing Time) 

^CLK = MHz 


8 

8 

1/fcLK (max) 
jLts (max) 

tCA 

Acquisition Time 



72 

1/fcLK(max) 

^SELECT 

CLK High while CS is High 


50 


ns 

tSET-UP 

CS Falling Edge or Data Input 

Valid to CLK Rising Edge 



25 

ns (min) 

^HOLD 

Data Input Valid after CLK 

Rising Edge 



20 

ns (min) 

tpd1 « tpdO 

CLK Falling Edge to Output 

Data Valid (Note 15) 

Cl = lOOpF: 

Data MSB First 

Data LSB First 


250 

200 

ns (max) 
ns (max) 

tlH. toH 

TRI-STATE Delay from Rising Edge 
of CS to Data Output and SARS Hi-Z 

Cl= 10pF,Rl= 10 kn 
(see TRI-STATE Test Circuits) 

50 


ns 

Cl= 100 pF, Rl= 2kn 


180 

ns (max) 

C|N 

Capacitance of Logic Inputs 


5 


pF 

COUT 

Capacitance of Logic Outputs 


5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functional. These ratings do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Vdc. unless othenwise specified. 

Note 4: When the input voltage (V|n) at any pin exceeds the power supplies (V|n < (AGND or DGND) or V|n > AVcc.) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by 0 ja and the ambient temperature, T^. The maximum 
allowable power dissipation at any temperature is Pq = o'” the number given in the Absolute Maximum Ratings, whichever is lower. For devices 

with suffixes BIN, CIN, BIJ, CIJ, BIWM, and CIWM = 125*0. For devices with suffix CMJ, = 150“C. The typical thermal resistances (0ja) of these 

parts when board mounted follow: ADC08131 with BIN and CIN suffixes 120*C/W. ADC08134 with BIN and CIN suffixes 95*C/W, ADC08138 with BIN and CIN 
suffixes 80*C/W. ADC08134 with BIWM and CIWM suffixes 140*C/W, ADC08138 with BIWM and CIWM suffixes 91*C/W, 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kn resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25®C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes zero, full-scale, linearity, and multiplexer error. Total unadjusted error with Vref = +5V only applies to the ADC08134 
and ADC081 38. See Note 1 6. 

Note 1 1: Cannot be tested for the ADC081 31 . 

Note 12: For V|n(_) ^ V||v|(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will 
be correct. Exceeding this range on an unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vqc to 5 Vqc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current Is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vdc) and the remaining seven off channels tied low (0 Vdc). total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel Is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 450 ns. The maximum time the clock can be high or low is 1 00 /xs. 

Note 15: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16: For the ADC08131 VrefIN 's internally tied to the on chip 2.5V band-gap reference output; therefore, the supply current is larger because it includes the 
reference current (700 ju,A typical, 2 mA maximum). 

Note 17: Load regulation test conditions and specifications for the ADC08131 differ from those of the ADC08134 and ADC08138 because the ADC08131 has the 
on-board reference as a permanent load. 
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Typical Converter Performance Characteristics 


Linearity Error vs Linearity Error vs 

Reference Voltage Temperature 



REFERENCE VOLTAGE (V) TEMPERATURE (OC) 


Power Supply Current vs 

Temperature (ADC08138, Output Current vs 

ADC08134) Temperature 



-55 -35-15 5 25 45 65 85 105 125 -55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE (©C) TEMPERATURE (®C) 

Note; For ADC08131 add Iref (Note 16) 

Typical Reference Performance Characteristics 

Line Reguiation 


Load Reguiation (3 Typical Parts) 



SOURCING SINKING SUPPLY VOLTAGE 

OUTPUT CURRENT (mA) 

(NOTE 17) Available 


Output Current 
vs Supply Voltage 



0 2 4 6 8 

SUPPLY VOLTAGE 


Linearity Error vs 
Clock Frequency 



0 250 500 750 1000 1250 1500 1750 

CLOCK FREQUENCY (kHz) 


Power Supply Current 
vs Clock Frequency 



0 250 500 750 1000 1250 1500 1750 

CLOCK FREQUENCY (kHz) 

(NOTE 16) 


TL/H/1 0749-5 


Output Drift 
vs Temperature 
(3 Typical Parts) 



-75 -25 0 25 75 125 


JUNCTION TEMPERATURE 


TL/H/1 0749-6 
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TRI-STATE Test Circuits and Waveforms 





TL/H/10749-7 TL/H/10749-8 

Timing Diagrams 


Data Input Timing 



TL/H/1 0749-9 

•To reset these devices, CLK and C5 must be simultaneously high for a period of tsELECT or greater. Othenwise these devices are compatible with industry 
standards ADC0831/4/8. 



ADC08131 Start Conversion Timing 



TL/H/1 0749- 11 
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Timing Diagrams (Continued) 


ADC08131 Timing 

0123456789 10 11 


CLOCK 

(CLK) 




CHIP SELECT 
(CS) 


\*- ^SET-UP 


(DO) TRI-STATE 


♦ I TRI-STATE 


7 6 5 4 3 2 1 0 

(MSB) (LSB) 


TL/H/10749-12 

'LSB first output not available on ADC08131. 

LSB information is maintained for remainder of clock periods until CS goes high. 


0 12 3 4 5 


ADC08134 Timing 

10 11 12 13 14 15 16 17 18 19 20 21 


CLOCK 

(CLK) 


CHIP SELECT 
(CS) 


DATA IN 
(Dl) 


-►| |-^^ET-UP J 


^ANALOG SAMPLING TIME (t^a) 


START 

BIT ODD/SIGN 

TTiSl 


SAR STATUS 
(SARS) ' 


SGL/DIF SELECT 
BIT1 


///////A ONT^CARE^^pfpiSABLp'^yNm^NE^^ /// 


-A/D CONVERSION IN PROGRESS - 


DATA OUT . 
(DO) 


T_rij^jTJiirLrLrLn 


-LSB FIRST DATA- 


i/mri//, 


J TRI-STATE 


765432101234567 
(MSB) (LSB) (MSB) 


TL/H/10749-13 
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ADC08138 Timing 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

-*\ h" ^SET-UP I ^ j OUTPUT DATA -j 1 4 


CHIP SELEC^r I ^ 

(CS) I ADDRESS MUX 

START SELECT 

BIT ODD/SIGN BITO 

DATA IN / A 

m (JX LJ 

SGL/DIF SELECT 
B1T1 

SAR STATUS 


-ANALOG SAMPLING TIME (t^a) 


fDOm CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE) 


-A/D CONVERSION IN PROGRESS 



OUTPUT I DO 


7 6 5 4 3 2 1 

(MSB) 


1 2 3 4 5 6 7 

(MSB) 


Make sure clock edge #18 clocks in the LSB before SE is taken low 


scteooav/t'Cfsooav/tetsooav 
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16 

CLK O- 
_ 18 
CS O- 


Dl O- 


CHO O; 
CHI 


CH2* O- 
CH3* O- 


CH4* Oj 
CH5*0: 


CH6* O- 

8 

CH7* O- 


COM* O- 


17 


R 

SEL 

0 

R 

SEL 

R 

ODD/ 

SIGN 

R 

SGL/ 

DIF 

R 

START 



Note 1 

Note 1 

ri 

n 

F 


r 1 

r ^ 

i i 

L_] 

L_ 


Input Interface Logic 




20 


To Internal 
Circuitry 


DGND* 


10 

°-lh 


VRQrOim O- 


Vref>n*o^ 
A6ND O- 


2.5V 

Bandgap 

Reference 


-j^JOecodel- 


^ • 

L 



Even 1 

^ 1 


1 


* 




1 

^ ; 


Odd 1 

--i 
^ I 


1 

I 

^ I 1 


1 

COM 


Input ESD Protection Circuitry 


C 

Channel " 

Inputs, O— 
Pin 1-8 ■; 

r 

r To 

► Internal 
r Circuits 

7 

Protection C 

On All Other - 
Pins Q_J 

> Vcc 

r To 

r 

^ Internal 
r Circuits 

7 


Resistor 
Ladder and 
Decoder 


SARS 



> 

a 

o 

o 

00 

CO 

00 

Tl 

c 

3 

O 

o 

3 

W 

w 

o 

o 


&> 

(Q 

S 

3 
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•Some of these functions/pins are not available with other options. 

Note 1: For the ADC08134, the “SEL 1" Flip-Flop Is bypassed. For the ADC08131, Vrefout and Vrefin are internally tied together. 



Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. . . 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a “ — ” input ter- 
minal. The polarity of each input terminal of the pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned “ + ” input voltage is less than the 
input voltage the converter responds with an all zeros out- 
put code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 
ed as a differential pair but channel 0 or 1 cannot act 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
0 may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 

The MUX address is shifted into the converter via the Dl 
line. Because the ADC08131 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 

The common input line (COM) on the ADC08138 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful In single-sup- 
ply applications where the analog circuity may be biased up 
to a potential other than ground arid the output signals are 
all referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part 

Number 

Number of Analog Channels 

Number of 
Package Pins 

Single-Ended 

Differential 

ADC08131 

1 

1 

8 

ADC08134 

4 

2 

14 

ADC08138 

8 

4 

20 


TABLE II. MUX Addressing: ADC08138 


Single-Ended MUX Mode 


MUX Address 


Analog Single-Ended Channel # 


START 


SQL/ 

DIF 


ODD/ 

SIGN 


SELECT 


COM 
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Functional Description (Continued) 

TABLE II. MUX Addressing: ADC08138 (Continued) 


Differential MUX Mode 


MUX Address 

Analog Differential Channel-Pair # 

START 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

1 

2 

3 

4 

5 

6 

7 

1 

0 

0 

0 

0 

+ 

- 







1 

0 

0 

0 

1 



+ 

- 





1 

0 

0 

1 

0 





+ 

- 



1 

0 

0 

1 

1 







+ 

- 

1 

0 

1 

0 

0 

- 

+ 







1 

0 

1 

0 

1 



- 

+ 





1 

0 

1 

1 

0 





- 

+ 



1 

0 

1 

1 

1 







- 

-f- 

— 


TABLE III. MUX Addressing: ADC08134 
Single-Ended MUX Mode 


MUX Address 

Channel # 

START 

SGL/ 

DIF 

ODD/ 

SIGN 


D 




1 

1 

1 

0 

0 

+ 




1 

1 

0 

1 



+ 


1 

1 

1 

0 


+ 



1 

1 

1 

1 




+ 


COM is internally tied to AGND 


Differential MUX Mode 


MUX Address 

Channel # 

START 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

D 




1 

1 

0 

0 

0 

+ 

- 



1 

0 

0 

1 



+ 

- 

1 

0 

1 

0 

- 

+ 



1 

0 

1 

1 



- 

+ 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 1 illustrates the input flexibility which can be achieved. 
The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included in a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 


8 Single-Ended 



To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 

1 . A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 




FIGURE 1. Analog Input Multiplexer Options for the ADC08138 
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Functional Description (Continued) 

3. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of clock 
period is automatically Inserted to allow for sampling the 
analog input. The SARS line goes high at the end of this 
time to signal that a conversion is now in progress and 
the Dl line is disabled (it no longer accepts data). 

4. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero. 

5. During the conversion' the output of the SAR comparator 
Indicates whether the analog Input is greater than (high) 
or less than (low) a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 

6. After 8 clock periods the conversion is completed. The 
SARS line returns low to indicate this 1/2 clock cycle later. 

7. The stored data In the successive approximation register 
is loaded into an internal shift register. If the programmer 
prefers the data can be provided in an LSB first format 
[this makes use of ^ shift enable (SE) control line). On 
the ADC08138 the SE line is brought out and If held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not Include the SE control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until CS is returned high. The 
ADC081 31 is an exception in that its data is only output In 
MSB first format. 

8. All Internal registers are cleared when the C§ line Is high 
and the tsELECT requirement Is met. See Data Input Tim- 
ing un^r Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 


The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire; 
'This is possible because the Dl input Is only “looked-at” 
during the MUX addressing interval While the DO line is 
' still in a high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The Vref>N pin on these converters is the top of a resistor 
divider string and capacitor array used for the successive 
approximation conversion. The voltage applied to this refer- 
ence Input defines the voltage span of the analog input (the 
difference between V|N(max) V|n(MIN) over which the 
256 possible output codes apply). The reference source 
must be capable of driving the reference input resistance, 
which can be as low as 1 .3 kQ. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference input must be 
biased with a stable voltage source' The ADC08134 and the 
ADC08138 provide the output of a 2.5V band-gap reference 
at VrefOUT. This voltage does not vary appreciably with 
temperature, supply voltage, or load current (see Reference 
Characteristics in the Electrical Characteristics tables) and 
can be tied directly to VrefIN for an analog input span of OV 
to 2.5V. This output can also be used to bias external cir- 
cuits and; can therefore be used as the reference In ratio- 
metric applications. Bypassing VrefOUT with a 100 jaF ca- 
pacitor is recommended. 

For the ADC08131, the output of the on-board reference is 
internally tied to the reference input. Consequently, the ana- 
log input span for this device is set at OV to 2.5V. The pin 
VrefC is provided for bypassing purposes and biasing ex- 
ternal circuits as suggested, above. 

The maximum value of the'reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the In- 
creased sensitivity of the converter (1 LSB equals Vref/ 
256). 




a) Ratiometric 


b) Absolute 


FIGURE 2. Reference Examples 
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Functional Description (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the " + ” input and then the input is of a clock peri- 
od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 

Verror(max) = VpEAK(27rfcM) (j~) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value 
and fcLK is the A/D clock frequency. 

For a 60Hz common-mode signal to generate a % LSB er- 
ror (~5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as It exceeds the maximum analog input limits. 
Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. While operat- 
ing near or at maximum speed bypass capacitors should not 
be used if the source resistance is greater than 1 kn. The 
worst-case leakage current of ± 1 jaA over temperature will 
create a 1mV input error with a 1kft source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(|\/iin). 's not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum Input voltage 
by biasing any Vjn (-) input at this V|n(min) value. This 
utilizes the differential mode operation of the A/D. 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n (-) input and applying a small 
magnitude positive voltage to the Vim ( + ) input. Zero error 
is the difference between the actual DC input voltage which 
Is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal Va LSB value 
(Vz LSB = 9.8mV for Vref = S.OOOVdc). 

5.2 Full Scale 

A full-scale adjustment can be made by applying a differen- 
tial input voltage which is 1 y^ LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VrefIN input for a digital output code which is 
just changing from 1111 1 1 1 0 to 1 1 1 1 1111 (See figure enti- 
tled “Span Adjust; OV ^ V|n ^ 3V’’). This is possible only 
with the ADC08134 and ADC08138. (The reference is inter- 
nally connected to VrefIN of the ADC08131). 

5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n (+) voltage which 
equals this desired zero reference plus Va LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “ + ” input and 
the zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex to 01 HEX 
code transition. 

The full-scale adjustment should be made [with the proper 
V|N (■") voltage applied] by forcing a voltage to the Vin (+) 
input which is given by: 

where: 

Vmax = the high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VrefIN (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 
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Na tional Semi 


conductor 


ADC08231/ADC08234/ADC08238 8-Bit 2 jiis Serial I/O 
A/D Converters with MUX, Reference, and Track/Hold 


General Description 

The ADC08231/ADC08234/ADC08238 are 8-bit succes- 
sive approximation A/D converters with serial I/O and con- 
figurable input multiplexers with up to 8 channels. The serial 
I/O is configured to comply with the NSC MICROWIREtm 
serial data exchange standard for easy interface to the 
COPSTM family of controllers, and can easily interface with 
standard shift registers or microprocessors. 

Designed for high-speed/low-power applications, the devic- 
es are capable of a fast 2 jms conversion when used with a 
4 MHz clock. 

All three devices provide a 2.5V band-gap derived reference 
with guaranteed performance over temperature. 

A track/hold function allows the analog voltage at the posi- 
tive input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1V 
can be accommodated. 

Applications 

■ High-speed data acquisition 

■ Digitizing automotive sensors 

■ Process control/monitoring 

■ Remote sensing in noisy environments 

■ Disk drives 

D Portable Instrumentation 

■ Test systems 


Features 

■ Serial digital data link requires few I/O pins 

■ Analog input track/hold function 

■ 4- or 8-channel input multiplexer options with address 
logic 

m On-chip 2.5V band-gap reference (±2% over tempera- 
ture guaranteed) 

Ea No zero or full scale adjustment required 

D TTL/CMOS input/output compatible 

n OV to 5V analog input range with single 5V power 
supply 

la Pin compatible with Industry-Standards ADC0831/4/8 


Key Specifications 


B Resolution 


8 Bits 

□ Conversion time (fc = 4 MHz) 


2 jas (Max) 

El Power dissipation . 


20 mW (Max) 

□ Single supply 


5 Vdc(±5%) 

□ Total unadjusted error 

± 1/2 LSB and +1 LSB 

□ Linearity Error (Vref = 2.5V) 


± 1/2 LSB 

□ No missing codes (over temperature) 


□ On-board Reference 

+ 2.5V ±1.5% (Max) 


ADC08238 Simpiified Biock Diagram 


CS SE CLK 



TL/H/11015-4 
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ADC08231/ADC08234/ADC08238 


Ordering Information 


Industrial 

(-40X ^ Ta ^ +85X) 

Package 

ADC08231 BIN, ADC08231CIN 

N08E, DIP 

ADC08234BIN, ADC08234CIN 

N14A, DIP 

ADC08234CIMF 

MTB24, TSSOP 

ADC08238BIN, ADC08238CIN 

N20A, DIP 

ADC08231BIWM, ADC08231CIWM 

M14B, SO 

ADC08234BIWM, ADC08234CIWM 

M14B,SO 

ADC08238BIWM. ADC08238CIWM 

M20B, SO 


Connection Diagrams 


ADC08238 ADC08234 

SO and DIP SO and DIP 



TL/H/1 1015-26 





Absolute Maximum Ratings (Notes i & 3) Operating Ratings (Notes 2 & 3 ) 


If Military/ Aerospace specified devices are required, Temperature Range 

Tmin ^ Ta ^ Tmax 

please contact the National Semiconductor Sales ADC08231BIN. ADC08231CIN. -40°C ^ Ta ^ +85°C 

Office/Distributors for availability and specifications. ADC08234BIN, ADC08234CIN. 


Supply Voltage (Vcc) 

ADC08238BIN, ADC08238CIN, 


voltage at Inputs and Outputs -0.3V to Vcc + 0.3V ADC08231 BIWM, ADC08231CIWM. 


Input Current at Any Pin (Note 4) 

± 5 mA ADC08234BIWM. ADC08238BIWM, 


Package Input Current (Note 4) 

- ADC08234CIWM. ADC08238CI WM. 


Power Dissipation at Ta = 25°C (Note 5) 

800 mW ADC08234CIMF 



ESD Susceptibility (Note 6) 

1500V 

Supply Voltage (Vcc) 

4.5 Vdc to 6.3 Vdc 

Soldering Information 





N Package (10 sec.) 

TSSOP and SO Package (Note 7): 

260"C 




Vapor Phase (60 sec.) 

215'’C 




Infrared (15 sec.) 

220°C 




Storage Temperature - es^C to + 1 50°C 




Electrical Characteristics 





The following specifications apply for Vcc = +5 Vdc. Vref = +2.5 Vpc and fcLK = 4 MHz, Rsource = unless otherwise 

1 specified. Boldface limits apply for Ta = Tj = Tmin to TmaxI all other limits Ta = Tj 

= 25“C. 





ADC08231, 

ADC08234 and 





ADC08238 with BIN, 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

CIN, BIWM, 




CIWM, or CIMF Suffixes 




Typical 

Limits 





(Note 8) 

(Note 9) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Linearity Error 

Vref = +2.5 Vqc 





BIN, BIWM 



±72 

LSB (max) 


CIN, CIMF, CIWM 



±1 

LSB (max) 


Gain Error 

Vref = +2.5 Vdc 





BIN, BIWM 



±1 

LSB (max) 


CIN, CIMF, CIWM 



±1 

LSB (max) 


Zero Error 

Vref = +2.5 Vdc 





BIN, BIWM 



±1 

LSB (max) 


CIN, CIMF, CIWM 



±1 

LSB (max) 


Total Unadjusted Error 

Vref = +5 Vdc 





BIN, BIWM 

(Note 1 0) 


±1 

LSB (max) 


CIN, CIMF, CIWM 



±1 

LSB (max) 


Differential Linearity 

Vref = +2.5 Vdc 


8 

Bits (min) 

Rref 

Reference Input Resistance 

(Note 11) 

3.5 

1.3 

ka 

kft (min) 





6.0 

kfl (max) 

V|N 

Analog Input Voltage 

(Note 12) 


(Vcc + 0.05) 

V (max) 





(GND - 0.05) 

V (min) 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = + 5 Vdc. Vref = +2.5 Vdc and fcLK = 4 MHz, Rsource = 50ft unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25‘’C. 


Symbol 

Parameter 

Conditions 

ADC08231, 
ADC08234and 
ADC08238 with BIN, 

CIN, BIWM, 

CIWM, or CIMF Suffixes 

Units 

(Limits) 




Typical 
(Note 8) 

Limits 
(Note 9) 



CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 



DC Common-Mode Error 

Vref = +2.5 Vdc 


±y2 

LSB (max) 


Power Supply Sensitivity 

Vcc= +5V ±5%, 

Vref = +2.5 Vdc 


±% 

LSB (max) 


On Channel Leakage 

Current (Note 1 3) 

On Channel = 5V, 

Off Channel = OV 


0.2 

1 

juiA (max) 

On Channel = OV, 

Off Channel = 5V 



jliA (max) 


Off Channel Leakage 

Current (Note 1 3) 

On Channel = 5V, 

Off Channel = OV 


— 

jLtA (max) 

On Channel = OV, 

Off Channel = 5V 

I 

0.2 

1 

fiA (max) 

DYNAMIC CHARACTERISTICS (see Typical Converter Performance Characteristics) 

S 

N + D 

Signal-to- 

(Noise + Distortion) 

Ratio 

Vref = +5V 

Sample Rate = 286 kHz 
V|N = +5 Vp.p 




flN = 10 kHz 

48.35 


dB 

flN = 50 kHz 

48.00 


dB 

flN= 100 kHz 

47.40 


dB 

DIGITAL AND DC CHARACTERISTICS 


Logical “1” Input Voltage 

Vcc = 5.25V 


2.0 



Logical “0” Input Voltage 

Vcc = 4.75V 


0.8 

V (max) 


l|N(1) 

Logical “1” Input Current 

V|N = 5.0V 


1 

JLtA (max) 

l|N(0) 

Logical “0” Input Current 

< 

z 

11 

o 

< 


-1 

jllA (max) 

V0UT(1) 

Logical “1 ” Output Voltage 

Vcc = 4.75V: 

•out “ —360 JLtA 



V (min) 



•out = -10 JLtA 



V (min) 

VOUT(O) 

Logical “0” Output Voltage 

Vcc = 4.75V 

Iqut = 1 .6 mA 


0.4 

V (max) 

■out 

TRI-STATE® Output Current 

VouT = OV 


- 3.0 

JLtA (max) 



VoUT 5V 


3.0 

JLtA (max) 

•source 

Output Source Current 

VoUT = Ov' 


- 6.5 

mA (min) 

•sink 

Output Sink Current 

VoUT = Vcc 


8.0 


•cc 

Supply Current 

CS = HIGH 





ADC08234, ADC08238 



3.0 

mA (max) 


ADC08231 (Note 16) 



6.0 

mA (max) 





























Electrical Characteristics (continued) 

The following specifications apply for Vcc = + 5 Vdc and fcLK = 4 MHz unless otherwise specified. Boldface limits apply for 

Ta = Tj = Twin to Tmax; all other limits Ta = Tj = 25"C. 

Symbol 

Parameter 

Conditions 

ADC08231, 

ADC08234and 

ADC08238 with BIN, 

CIN, BIWM, 

CIWM, or CIMF Suffixes 

Units 

(Limits) 

Typical 
(Note 8) 

Limits 
(Note 9) 

REFERENCE CHARACTERISTICS 

VrefOUT 

Output Voltage 

BIN, BIJ, 

BIWM 

2.5 

±2% 

2.5 ±1.5% 

V 

CIN, CIJ, 

CIWM, CMJ 

2.5 

±3.5% 

2.5 ±3.0% 

AVref/AT 

Temperature Coefficient 


40 


ppm/°C 

AVref/AIl 

Load Regulation 
(Note 17) 

Sourcing 

(0 ^ II ^ +4 mA) 
ADC08234, 

ADC08238 

0.003 

0.1 

%/mA 

(max) 

Sourcing 

(0 ^ II ^ +2mA) 
ADC08231 

0.003 

0.1 

Sinking 

(-1 ^iL^OmA) 
ADC08234, 

ADC08238 

0.2 

0.5 

Sinking 

(-1 ^iLi^OmA) 
ADC08231 

0.2 

0.5 


Line Regulation 

4.75V ^ Vcc ^ 5.25V 

0.5 

6 

mV 

(max) 

isc 

Short Circuit Current 

Vref = ov 

ADC08234, 

ADC08238 

8 

25 

mA 

(max) 

Vref = OV 

ADC08231 

8 

25 

Tsu 

Start-Up Time 

Vcc: OV 5V 

Cl = 100 jj,F 

20 


ms 

AVREF/At 

Long Term Stability 


200 


ppm/1 kHr 
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Electrical Characteristics (Continued) 


The following specifications apply for Vcc = +5 Vdc. Vref = +2.5 Vdc and V = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj =‘ 25“C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

fCLK 

Clock Frequency 


10 

4 

kHz (min) 

MHz (max) 


Clock Duty Cycle 
(Note 1 4) 



40 

60 

% (min) 

% (max) 

Tc 

Conversion Time (Not Including 

MUX Addressing Time) 

fCLK ~ 4 MHz 


8 

2 

1/fcLK (max) 

/jiS (max) 

tCA 

Acquisition Time 



1% 

1/fcLK(max) 

tSELECT 

CLK High whiled is High 


50 


ns 

tSET-UP 

CS Falling Edge or Data Input 

Valid to CLK Rising Edge 



25 

ns (min) 

tHOLD 

Data Input Valid after CLK 

Rising Edge 



20 

ns (min) 

tpdI.tpdO 

CLK Falling Edge to Output 

Data Valid (Note 15) 

Cl = 100 pF: 

Data MSB First 

Data LSB First 


250 

200 

ns (max) 
ns (max) 

tiH. tOH 

TRI-STATE Delay from Rising Edge 
of CS to Data Output and SARS Hi-Z 

Cl= lOpF, Rl= 10 kn 
(see TRI-STATE Test Circuits) 

50 


ns 

Cl= lOOpF, Rl = 2ka 


180 

ns (max) 

C|N 

Capacitance of Logic Inputs 


5 


pF 

Gout 

Capacitance of Logic Outputs 


5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functionai. These ratings do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Vdc. unless otherwise specified. 

Note 4: When the input voltage (V|n) at any pin exceeds the power supplies (V|n < (AGND or DGND) or V|n > AVcc.) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. ... 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj|^^x> ^JA and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pq = (Tj^^ax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, BIJ, CIJ, BIWM, and CIWM ^ 125°C. For devices with suffix CMJ, Tjj^y^^ ^ ISO'C. The typical thermal resistances (0ja) of these 

parts when board mounted follow: ADC08231 with BIN and CIN suffixes 120“C/W, ADC08234 with BIN and CIN suffixes SS'C/W, ADC08234 with CIMF suffix 
ley-C/W, ADC08238 with BIN and CIN suffixes 80“C/W. ADC08231 with BIWM and CIWM suffixes 140“C/W, ADC08234 with BIWM and CIWM suffixes MO'C/W, 
ADC08238 with BIWM and CIWM suffixes 9rC/W, 

Note 6: Human body model, 1 00 pF capacitor discharged through a 1 .5 kfl resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes zero, full-scale, linearity, and multiplexer error. Total unadjusted error with Vref = +5V only applies to the ADC08234 
and ADC08238. See Note 16. 

Note 11: Cannot be tested for the ADC08231. 

Note 12: For V|n(_) ^ V|n(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog V|n does rot exceed the supply voltage by more than 50 mV, the output code will 
be correct. Exceeding this range on ar. unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vdc 5 Vdc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vdc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vdc) ®nd the remaining off channels tied low (0 Vdc). total current flow through the off 
channels is measured: two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 120 ns. The maximum time the clock can be high or low is 100 fxs. 

Note 15: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16: For the ADC08231 VrefIN is internally tied to the on chip 2.5V band-gap reference output; therefore, the supply current is larger because it includes the 
reference current (700 jiiA typical, 2 mA maximum). 

Note 17: Load regulation test conditions and specifications for the ADC08231 differ from those of the ADC08234 and ADC08238 because the ADC08231 has the 
on-board reference as a permanent load. 
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Typical Performance Characteristics 


Linearity Error vs 



0 12 3 4 5 


REFERENCE VOLTAGE (V) 


Power Suppiy Current vs 
Temperature (ADC08238, 
ADC08234) 



Linearity Error vs 
Temperature 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE («C) 


Output Current vs 
Temperature 



TEMPERATURE (OC) 


Note: For ADC08231 add Iref (Note 16) 


Linearity Error vs 
Clock Frequency 



CLOCK FREQUENCY (MHz) 


Power Supply Current 
vs Clock Frequency 


POWER SUPPLY CURRENT (mA) 

^ . 5 . S . S . S 

Vcc = 5V 
CS = "1" 

Ta = 250C 
























0 1 2 3 4 5 6 

CLOCK FREQUENCY (MHz) 

(NOTE 16) 


TL/H/11015-5 


Spectral Response with 
10 kHz Sine Wave input 





Rs = 50n 




V|N = +5Vp_p (Max) 





Ta=250C 





Vcc = %F = +5V 





fcLK = 4.0MHz 





Sampling Rate 





= 286 kHz 

S/(N + D) = 48.35 dB 

1 1 1 


















1 ' I 




1 1 I 


0 20 40 60 80 too 120 140 


Spectral Response with 
50 kHz Sine Wave Input 





Rs = 500 

V|N = +5Vp_p (Max) 
T^ = 25®C 

VcC = Vref = +5V 
fcLK = 4.0MHz 
Sampling Rate 
= 286 kHz 

S/(N + D) = 48.00 dB 

1 1 1 

































_L_ 

I. 


















0 20 40 60 80 100 120 140 


Spectral Response with 
100 kHz Sine Wave input 


Rs = 50O 




V|f, = +5Vp_p (Max) 




Ty^=25°C 




''cc = ''ref = 




fcLK = 4.0MHz 




Sampling Rate = 286 kHz | 



5/tN + n;-4/.40(lH 




1 1 1 

4_ 





_L 






'nr 


' ■ 


1 1 1 





0 20 40 60 80 100 120 140 


FREQUENCY (kHz) 


FREQUENCY (kHz) 


FREQUENCY (kHz) 


Signal-to-Noise + Distortion 
Ratio vs Input Frequency 



10 100 1000 


INPUT FREQUENCY (kHz) 


TL/H/1 1015-6 
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(AUi) V 


Typical Reference Performance Characteristics 


Line Regulation 

Load Regulation (3 Typical Parts) 



6543210 -1 -2 -3 2345678 

SOURCING SINKING SUPPLY VOLTAGE 

OUTPUT CURRENT (mA) 

(NOTE 17) Available 


Output Current 
vs Supply Voltage 



0 2 4 6 8 

SUPPLY VOLTAGE 


Output Drift 
vs Temperature 
(3 Typical Parts) 



-75 -25 0 25 75 125 

JUNCTION TEMPERATURE 


TL/H/11015-7 
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TRI-STATE Test Circuits and Waveforms 


■T 'i 



DO AND 
SARS OUTPUTS 


tOH 

Vcc Vcc 



''Jr 

Vcc 

/90% 

^50*/. 

GNO ——3^ 

10% 


I-*- ‘OH 


DO AND 
SARS OUTPUTS 


Timing Diagrams 


Data Input Timing 



*To reset these devices, CLK and CS must be simultaneously high for a period of tsELECT or greater. 

Data Output Timing 


,>_tpd0.tpd1 
r— — ^ 

V/ 



ADC08231 Start Conversion Timing 
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Timing Diagrams (Continued) 


ADC08231 Timing 


0 1 23456789 10 11 12 


CLOCK 

(CLK) 


CHIP SELECT 
(CS) 


DATA OUT 
(DO) 


iruirLnjiniiJirL^^ 

r 


7 6 5 4 3 2 1 0 

(MSB) (LSB) 


TL/H/11015-13 

*LSB first output not available on ADC08231. 

LSB information is maintained for remainder of clock periods until CS goes high. 

To reset the ADC08231 , CLK and CS must be simultaneusly high for a period of tsELECT or greater. The ADC08231 also has one extra clock period for sampling 
the analog signal (tea). Otherwise it is compatible with the ADC0831. 


ADC08234 Timing 



To reset the ADC08234, CLK and CS must be simultaneously high for a period of tsELECT or greater. The ADC08234 also has one extra clock period for sampling 
the analog signal (tea). Otherwise it is compatible with the ADC0834. 
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ADC08238 Timing 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 


CHIP SELKT I 

(CS) I ADDRESS MUX 


SAR STATUS 
(SARS) 


SE = "0'' 
DATA OUT (DO) 


USING SE 
SE TO 
CONTROL 
LSB 
FIRST 

OUTPUT DO 


START SELECT 

BIT ODD/SIGN BITO 


SGL/DIF SELECT 
BIT1 


-ANALOG SAMPLING TIME 

////////)/ / f / f / / ' 7 " / } / . 

'/////// / /DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE) 

.1 LJ / f ////(( j r i /■ /, / j / y /, /..y /, / 

A/D CONVERSION IN PROGRESS ► 


-LSB FIRST DATA- 


-MSB FIRST DATA- 


765432 1 0 1 234 567 

(MSB) (LSB) L-t „ . „ (MSI 






n_n 


5 6 7 

*-♦ (MSB) 

"^'set-up 



-MSB FIRST DATA- 


7 6 5 4 3 2 1 

(MSB) 


-LSB FIRST DATA- 


1 2 3 4 5 6 7 

(MSB) 


TL/H/11015-15 

*Make sure clock edge #19 clocks in the LSB before §E is taken low 

To reset the ADC08238, CLK and ^ must be simultaneously high for a period of tsELECT or greater. The ADC08238 also has one extra clock period for sampling the analog signal (tea)- Othenwise it is compatible with the ADC0838. 


sezsooav/t'CssooQv/tezsooav 


irams (Continued) 
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16 

CLK O— 

_ 18 
CS O— 


Dl O- 


17 



R 

SEL 

1 

IH 


R 

START 





mi 






-I>o- 


Input Interface Logic 


CHO 

CHI O-^ 


CH2* O- 


CH5* 


CH7* O- 


COM* O- 


-C 


Decode |4 



1 1 


2 

i i 

- 

3 



Even 1 

4 

1 1 


1 

5 



1 

6 

1 1 * 


Odd 1 

7 



1 

1 

8 



^ 9 


COM 


1 


Input ESD Protection Circuitry 


10 


VpEpOUT* O- 


2.5Y 

Bandgap 

Reference 


YpppllM-U-j 

AGND O- 


C 

Channel “ 

p Vcc 

r To 

Pin 1-8 ” 

r 

r Circuits 

7 

Protection C 

On All Other - 
Pins Q___ 

> ^CC 

7 To 

Internal 

r 

7 Circuits 

7 


Non-overlap 
Ciock Generator 



B7 


BO 


EOP 


8 bit 
Shift 
Register 


Data 


LSB First 


MSB First 


*Some of these functions/pins are not available with other options. 

Note 1: For the ADC08234, the “SEL 1” Flip-Flop is bypassed. For the ADC08231, Vrefout and Vrern are internally tied together. 
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Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a Input ter- 
minal. The polarity of each input terminal of the pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned “ + ” input voltage is less than the 
input voltage the converter responds with an all zeros out- 
put code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 
ed as a differential pair but channel 0 or 1 cannot act 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
0 may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 

The MUX address is shifted into the converter via the Dl 
line. Because the ADC08231 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 

The common input line (COM) on the ADC08238 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single-sup- 
ply applications where the analog circuitry may be biased up 
to a potential other than ground and the output signals are 
all referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part 

Number 

Number of Analog Channels 

Number of 
Package Pins 

Single-Ended 

Differential 

ADC08231 

1 

1 

8 

ADC08234 

4 

2 

14 

ADC08238 

8 

4 

20 


TABLE II. MUX Addressing: ADC08238 


Single-Ended MUX Mode 


MUX Address 

Analog Single-Ended Channel # 

START 

SQL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

1 

0 

1 

1 

0 

0 

0 

+ 








- 

1 

1 

0 

0 

1 



+ 






- 

1 

1 

0 

1 

0 





, + 




- 


1 

0 

1 

1 







+ 


- 


1 

1 

0 

0 


+ 







_ 


1 

1 

0 

1 




+ 





- 


1 

1 

1 

0 






+ 



- 

1 

1 

1 

1 

1 








+ 

- 
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Functional Description (Continued) 


TABLE II. MUX Addressing: ADC08238 (Continued) 


Differential MUX Mode 


MUX Address 


Analog Differential Channei-Pair # 









































Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 1 illustrates the input flexibility which can be achieved. 
The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included in a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 


8 Single-Ended 



To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 

1. A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit Is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 



4 Differential Mixed Mode 

0. 1 

2, 3 

4.5 

6.7 

Vbias 

FIGURE 1. Analog Input Multiplexer Options for the ADC08238 




r 


+(-) 

0. 1 







-(+) 

+(-) 

2.3 



-(+) 




+(-) 



-(+) 



+(-) 



-(+) 


COM(-) 
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Functional Description (Continued) 

3. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1 Va 
clock periods is automatically inserted to allow for sam- 
pling the analog input. The SARS line goes high at the 
end of this time to signal that a conversion is now in prog- 
ress and the Dl line is disabled (it no longer accepts 
data). 

4. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero. 

5. During the conversion the output of the SAR comparator 
indicates whether the analog input is greater than (high) 
or less than (low) a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 

6. After 8 clock periods the conversion is completed. The 
SARS line returns low to indicate this yz clock cycle later. 

7. The stored data in the successive approximation register 
is loaded into an internal shift register. If the programmer 
prefers, the data can be provided in an LSB first format 
[this makes use of ^ shift enable (SE) control line]. On 
the ADC08238 the ^ line is brought out and if held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not Include the ^ control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until CS is returned high. The 
ADC08231 is an exception In that its data is only output in 
MSB first format. 

8. All internal registers are cleared when the ^ line is high 
and the tsELECT requirement is met. See Data Input Tim- 
ing under Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 

The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. 


^ +5V 


This is possible because the Dl input is only “looked-at” 
during the MUX addressing interval while the DO line is 
still in a high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The VrefIN pin on these converters is the top of a resistor 
divider string and capacitor array used for the successive 
approximation conversion. The voltage applied to this refer- 
ence input defines the voltage span of the analog input (the 
difference between V|fg(MAX) and V|n(min) over which the 
256 possible output codes apply). The reference source 
must be capable of driving the reference input resistonce, 
which can be as low as 1 .3 kll. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference input must be 
biased with a stable voltage source. The ADC08234 and the 
ADC08238 provide the output of a 2.5V band-gap reference 
at VrefOUT. This voltage does not vary appreciably with 
temperature, supply voltage, or load current (see Reference 
Characteristics in the Electrical Characteristics tables) and 
can be tied directly to VrefIN for an analog input span of OV 
to 2.5V. This output can also be used to bias external cir- 
cuits and can therefore be used as the reference in ratio- 
metric applications. Bypassing VrefOUT with a 100 juF ca- 
pacitor is recommended. 

For the ADC08231, the output of the on-board reference Is 
Internally tied to the reference Input. Consequently, the ana- 
log Input span for this device is set at OV to 2.5V. The pin 
VrefO Is provided for bypassing purposes and biasing ex- 
ternal circuits as suggested above. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vref/ 
256). 


1 


+ ADC08234 Vprr IN 


T 


~ 100 ;iF 


TL/H/11015-18 


TRANSDUCER 

0V-2.5V 


+ ADC08238 IN 

Vprr OUT 


COM AGND DGND 




dp 100 /iF 


TL/H/1 1015-19 


a) Ratiometric 


b) Absolute 


FIGURE 2. Reference Examples 
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Functional Description (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which othenwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the “ + ” input and then the input is Va of a clock peri- 
od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 

Verror(niax) = VpEAK(27rfcM) 

where fcM 's the frequency of the common-mode signal, 
VpEAK 's its peak voltage value 
and fcLK is the A/D clock frequency. 

For a 60Hz common-mode signal to generate a LSB er- 
ror (~5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as it exceeds the maximum analog input limits. 
Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. While operat- 
ing near or at maximum speed, bypass capacitors should 
not be used if the source resistance is greater than 1 kH. 
The worst-case leakage current' of ± 1 jmA over temperature 
will create a 1 mV input error with a 1 kft source resistance. 
An op amp RC active low pass filter can provide both im- 
pedance buffering and noise filtering should a high imped- 
ance signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(min). 's not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) input at this V|N(min) value. This 
utilizes the differential mode operation of the A/D. 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|n (-) input and applying a small 
magnitude positive voltage to the V|n (+) input. Zero error 
,is the difference between the actual DC input voltage which 
is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal y^ LSB value 
(Vz LSB = 9.8mV for Vref = S.OOOVqc). 

5.2 Full Scale 

A full-scale adjustment can be made by applying a differen- 
tial input voltage which is 1 y^. LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VrefIN input for a digital output code which is 
just changing from 1111 1 1 1 0 to 1 1 1 1 1111 (See figure enti- 
tled “Span Adjust; OV ^ V|n ^ 3V’’). This is possible only 
with the ADC08234 and ADC08238. (The reference is inter- 
nally connected to VrefIN of the ADC08231). 

5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n (+) voltage which 
equals this desired zero reference plus I /2 LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “ + “ input and 
the zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex to O'! HEX 
code transition. 

The full-scale adjustment should be made [with the proper 
V|N (-) voltage applied] by forcing a voltage to the V|n (+) 
input which is given by: 

V|N(+)fsadi = VMAX-1.5[ ^^""j/^"^> ] 
where: 

Vmax = the high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog range. 

(Both are ground referenced.) 

The VrefIN (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 
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Applications 


A “Stand-Alone” Hook-Up for ADC08238 Evaluation 


MUX ADDRESS 



Low-Cost Remote Temperature Sensor 



TL/H/1 1015-21 
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National Semiconductor 


ADC0841 8-Bit jmP Compatible A/D Converter 


General Description 

The ADC0841 is a CMOS 8-bit successive approximation 
A/D converter. Differential inputs provide low frequency In- 
put common mode rejection and allow offsetting the analog 
range of the converter. In addition, the reference input can 
be adjusted enabling the conversion of reduced analog 
ranges with 8-bit resolution. 

The A/D is designed to operate with the control bus of a 
variety of microprocessors. TRI-STATE® output latches that 
directly drive the data bus permit the A/D to be configured 
as a memory location or I/O device to the microprocessor 
with no interface logic necessary. 


Features 

■ Easy interface to all microprocessors 

■ Operates ratiometrically or with 5 Vdc 
voltage reference 

■ No zero or full-scale adjust required 

■ Internal clock 

■ OV to 5V input range with single 5V power supply 

■ 0.3" standard width 20-pin package 

■ 20 Pin Molded Chip Carrier Package 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 
a Low Power 

a Conversion Time 


8 Bits 

± 1/2 LSB and ± 1 LSB 
5 Vdc 
15 mW 
40 jLis 


Block and Connection Diagrams 

AGND Vcc DGND VpEp 
(8) (20) (10) (9) 


pm ■■ 

I 

I 

• ▼ T ^ 


CS WR RD 
(1) (3) (2) 


±i-; 


8-BIT 

K 

TRI-STATE 

S.A.R. 

> 

OUTPUT 

A/D 

/ 

LATCHES 


> DB0(18)-DB7(n) 


Dual-In-Line Package (N) 


•DB1 


Molded Chip Carrier Package (V) 


V|n(-)* 

AGND- 

%F' 


(N.C.-No Connection) 


1 

y— 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


Top View 


DBO 

1 

DB1 

DB2 

1 

DB3 

1 

DB4 

1 

18 

17 

16 

15 

14 

19 




13 

20 
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1 




11 

2 




10 

3 




9 

\4- 

5 

6 

7 

8 

N.C. 

1 

INTR 

^ 1 1 

''in(+) V|n(-) AGND 


Top View 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 6.5V 


Voltage 

Logic Control Inputs 
At Other Inputs and Outputs 
Input Current Per Pin (Note 3) 

Input Current Per Package (Note 3) 
Storage Temperature 
Package Dissipation at Ta = 25“C 


-0.3V to Vcc + 0.3V 
-0.3V to Vcc + 0.3V 
±5 mA 
±20 mA 
-65“Cto +150'‘C 
875 mW 


Lead Temp. (Soldering, 10 seconds) 


Dual-ln-Line Package (Plastic) 
Molded Chip Carrier Package 

260“C 

Vapor Phase (60 seconds) 

215“C 

Infrared (15 seconds) 

220“C 

ESD Susceptibility (Note 10) 

800V 

Operating Conditions (Notes i and 2) 

Supply Voltage (Vcc) 

4.5 Vdc to 6.0 Vdc 

Temperature Range 

Tmin^Ta^Tmax 

ADC0841 BCN, ADC0841 CCN 

0'‘C^Ta^70“C 

ADC0841 BCV, ADC0841 CCV 

-40‘’C^Ta:^85"C 


Electrical Characteristics The following specifications apply for Vcc= 5 Vdc unless otherwise specified. 
Boldface limits apply from Tmin to Tmax; all other limits TA=Tj=25‘’C. 




ADC0841BCN, ADC0841CCN 
ADC0841BCV, ADC0841CCV 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Maximum Total 

Unadjusted Error 

ADC0841BCN, BCV 
ADC0841CCN,CCV 

Vref=6.oo Vdc 
(Note 4) 


±y2 

±1 

+1 +1 

LSB 

LSB 

Minimum Reference 

Input Resistance 


2.4 

1.2 

1.1 

kft 

Maximum Reference 

Input Resistance 


2.4 

5.4 

5.9 

kft 

Maximum Common-Mode 
Input Voltage 

(Note 5) 


Vcc + 0.05 

Vcc + 0.05 

V 

Minimum Common-Mode 

Input Voltage 

(Note 5) 


GND-0.05 

GND-0.05 

V 

DC Common-Mode Error 

Differential Mode 

±yi6 

±y4 

±% 

LSB 

Power Supply Sensitivity 

Vcc = 5V±5% 

±Vl6 

±y8 

±y. 

LSB 
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ElGCtriCdl ChSrGCtGriStiCS The following specifications apply for Vcc= 5 Vdc unless otherwise specified. 

Boldface limits apply from Tmm to TmaxI other limits TA=Tj=25"C. (Continued) 

Symbol 

Parameter 

Conditions 

ADC0841BCN, ADC0841CCN 
ADC0841BCV, ADC0841CCV 

Units 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

DIGITAL AND DC CHARACTERISTICS 

V|N(1) 

Logical “1” Input 

Voltage (Min) 

Vcc = 5.25 V 


2.0 

2.0 

V 

V|N(0) 

Logical “0” Input 

Voltage (Max) 

Vcc= 4.75 V 


0.8 

0.8 

V 

l|N(1) 

Logical “1” Input 

Current (Max) 

V|n = 5.0V 

0.005 


1 

fiA 

•lN(0) 

Logical “0” Input 

Current (Max) 

< 

z 

II 

§ 

-0.005 


-1 

JLtA 

V0UT(1) 

Logical “1” 

Output Voltage (Min) 

Vcc = 4.75V 
l0UT= -360 ixA 
•0UT= -10 fxA 


2.8 

4.6 

2.4 

4.5 

V 

V 

VOUT(O) 

Logical “0" 

Output Voltage (Max) 

Vcc = 4.75V 
•ouT'=T 6 mA 


0.34 

0.4 

V 

■out 

TRI-STATE Output 
Current (Max) 

VouT=0V 

Vout=5V 

-0.01 

0.01 

-0.3 

0.3 

-3 

3 

JLtA 

jliA 

ISOURCE 

Output Source 

Current (Min) 

VoUT = 0V 

-14 

-7.5 

-6.5 

mA 

•sink 

Output Sink 

Current (Min) 

VoUT = Vcc 

16 

9.0 

8.0 

mA 

icc 

Supply Current (Max) 

CS = 1 , Vref Open 

1 

2.3 

2.5 

mA 
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AC Characteristics The following specifications apply for Vcc = SVocjtr = ^f == 10 ns unless otherwise specified. 
Boldface limits apply from Tmin to Tmax; all other limits Ta = Tj = 



Parameter 

Conditions 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 

Limit 

(Notes) 

Units 

tc 

Maximum Conversion Time (See Graph) 


30 

40 

60 


tW(WR) 

Minimum WR Pulse Width 

(Note 9) 

50 

150 


ns 

Iacc 

Maximum Access Time (Delay from Falling Edge of 
ftO to Output Data Valid) 

Cl= 100 pF 
(Note 9) 

145 

225 


ns 

tlH. tOH 

TRI-STATE Control (Maximum Delay from Rising 
Edge of RD to Hi-Z State) 

Cl= 10 pF, Rl= 10k, 
tr = 20 ns (Note 9) 

125 



ns 

twi. tRI 

Maximum Delay from Falling Edge of WR or RD to 
Reset of INTR 

(Note 9) 

200 

400 


ns 

C|N 

Capacitance of Logic Inputs 


5 



pF 

Gout 

Capacitance of Logic Outputs 


5 



pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground pins. 

Note 3: During over-voltage conditions (V||m<0V and V|n>Vcc) the maximurn input current at any one pin is ±5 mA. If the current is limited to ±5 mA at all the 
pins no more than four pins can be in this condition in order to meet the Input Current Per Package (±20 mA) specification. 

Note 4: Total undajusted error includes offset, fuil-scale, and linearity. 

Note 5: For V|n (-) ^ Vim (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog Vi^ does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance 
and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: The temperature coefficient is 0.3®/p/‘’C. 

Note 10: Human body model, 100 pF discharged through 1.5 kft resistor. 

Timing Diagram 


/ ” \ r 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.50 4.75 5.C0 5.25 5.50 


Vcc- SUPPLY VOLTAGE (Voci 


Output Current vs 
Temperature 



- 75 - 50-25 0 25 50 75 100 125 

TEMFEOATUnE (»C) 


Power Supply Current vs 
Temperature 



- 75 - 50-25 0 25 50 75 100 125 
TEMPERATURE (°C) 



0 1 2 3 4 5 

Vref (V) 


Conversion Time vs 


s 


s 


Conversion Time vs Vsupply 


Temperature 



4.5 4.75 5 5.23 5.5 



-75 - 50 - 25 0 25 50 75 100 125 


SUFrLY VOLTAGE (V) 


TEMPERATURE (°C) 


TL/H/8557-4 


Unadjusted Offset Error vs 
Vref Voltage 



VnEF (V) TL/H/8557-22 


TRI-STATE Test Circuits and Waveforms 


tiH 


Vcc 



DATA 

OUTPUT 


TL/H/8557-5 


tiHj Cl = 10 pF 


^OH 


ioH> Cl = 10 pF 
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ADC0841 



Functional Block Diagram 




Functional Description 

A conversion is initiated via the CS and WR lines. If the data 
from a previous conversion is not read, t he INT R line will be 
low. The falling edge of WR will reset the INTR line high ai^ 
ready the A/D for a conversion cycle. The rising edge of WR 
starts a conversion. After the conversion cycle (tc ^ 60 
jLisec), which is set by the internal clock frequency, the di gi- 
tal data is transferred the output latch and the I NTR is 
asserted low. Taking CS and RD low resets INTR output 
high and transfers the conversion result on the output data 
lines (DB0-DB7). 

Applications Information 

1.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input of this converter 
defines the voltage span of the analog input (the difference 
between V|fvj(MAX) and V|N(min)) over which the 256 possi- 
ble output codes apply. The device can be used in either 
ratiometric applications or in systems requiring absolute ac- 
curacy. The reference pin must be connected to a voltage 
source capable of driving the minimum reference input re- 
sistance of 1.1 kfl. This pin is the top of a resistor divider 
string used for the successive approximation conversion. 

In a ratiometric system {Figure 1a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 1b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with this converter. 

The maximum value of the reference Is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals 
Vref/256). 

2.0 THE ANALOG INPUTS 

2.1 Analog Differential Voltage Inputs and Common- 
Mode Rejection 

The differential inputs of this converter actually reduce the 
effects of common-mode input noise, a signal common to 
both selected “ + ” and inputs for a conversion (60 Hz 
is most typical). The time interval between sampling the 
“ + ” input and then the input is ^2 a clock period. 
The change in the common-mode voltage during this short 
time Interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

VeRROR(MAX) = Vpeak (2?r few) X 0-5 ^ 

where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value and tc is the conversion 
time. 


For a 60 Hz common-mode signal to generate a 14 LSB 
error (~ 5 mV) with the converter running at 40 /xS, its peak 
value would have to be 5.43V. This large a common-mode 
signal Is much greater than that generally found in a well 
designed data acquisition system. 

2.2 Input Current 

Due to the sampling nature of the analog Inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 kfi. An op amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. 

3.0 OPTIONAL ADJUSTMENTS 

3.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog Input voltage value, Vin(min). is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the V|n (-) input at this V|n(min) value. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V“ input and applying a small mag- 
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal 14 LSB value (Vz LSB = 9.8 
mV for Vref= 5.000 Vdc)- 

3.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 14 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input for a digital output code changing 
from 1111 moto 1111 1111. 

3.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A voltage which equals 
this desired zero reference plus 14 LSB (where the LSB is 
calculated for the desired analog span, 1 LSB = analog 
span/256) Is applied to the ” input (V|n{+)) and the zero 
reference voltage at the ” input (ViN("))should then be 
adjusted to just obtain the OOrex fo 01 HEX code transition. 
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Applications Information (Continued) 



5V 


a) Ratiometric 



FIGURE 1. Referencing Examples 


The full-scale adjustment should be made [with the proper 
V|N (-) voltage applied] by forcing a voltage to the Vin(+) 
input which is given by: 

where VMAX=^he high end of the analog input range and 


VMlN=the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2V^ V|n^5V) 



TL/H/8557-13 





Applications Information (Continued) 

Span Adjust OV^ViN^SV 


(5Voc) 



TL/H/8557-14 



Diodes are 1N914 


TL/H/8557-15 


DO=all 1sif Vin( + )>V|n(-) 
DO=all Os if V|n( + )<V|n(-) 











Applications Information (Continued) 

SAMPLE PROGRAM FOR ADC0841— 1NS8039 INTERFACE 
CONVERTING TWO RATIOMETRIC, DIFFERENTIAL SIGNALS 





ORG 

OH 


0000 

04 10 


JMP 

BEGIN 

START PROGRAM AT ADDR 10 




ORG 

10H 

MAIN PROGRAM 

0010 

B9 FF 

BEGIN; 

MOV 

R1,#0FFH 

LOAD R1 WITH A UNUSED ADDR 

LOCATION 

0012 

B8 20 


MOV 

R0,#20H 

A/D DATA ADDRESS 

0014 

89 FF 


ORL 

P1,#0FFH 

SET PORT 1 OUTPUTS HIGH 

0016 

23 00 


MOV 

A.OOH 

LOAD THE ACC WITH 00 

0018 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 




iCONTINUE MAIN PROGRAM 



iCONVERSION SUBROUTINE 
:ENTRY:ACC— A/D MUX DATA 





;EXIT: ACC— CONVERTED DATA 




ORG 

50H 


0050 

99 FE 

CONV: 

ANL 

P1,#0FEH 

CHIP SELECT THE A/D 

0052 

91 


MOVX 

@R1,A 

START CONVERSION 

0053 

09 

LOOP: 

IN 

A, PI 

INPUT InTR STATE 

0054 

32 53 


JB1 

LOOP 

IFirTTR = 1 GOTO LOOP 

0056 

81 


MOVX 

A,@R1 

IFil^rR = 0 INPUT A/D DATA 

0057 

89 01 


ORL 

P1,&01H 

CLEAR THE A/D CHIP SELECT 

0059 

AO 


MOV 

@R0,A 

STORE THE A/D DATA 

005A 

83 


RET 


RETURN TO MAIN PROGRAM 


ADC0841— INS8039 Interface 


5V 5V 



TL/H/8557-20 
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Applications Information (Continued) 


I/O Interface to NSCSOOtm 

5V 5V 



T1 

— <AD11 

72 B2 

T3 B5 

T4 B4 

CAD12 
— C AD13 

— AD14 

— AD15 

T6 B6 

— 


SAMPLE PROGRAM FOR ADC0841— NSC800 INTERFACE 


0010 


NCONV 

EQU 

16 

TWICE THE NUMBER OF REQUIRED 
CONVERSIONS 

OOOF 


DEL 

EQU 

15 

DELAY 60 fjLsec CONVERSION 

001 F 


CS 

EQU 

1FH 

THE BOARD ADDRESS 

3C00 


ADDTA 

EQU 

003CH 

START OF RAM FOR A/D 

DATA 

0000' 

00 

DTA: 

DB 

08H 

DATA 

0001' 

0E1F 

START: 

LD 

C,CS 


0003' 

0616 


LD 

B, NCONV 


0005' 

21 0000' 


LD 

HL,DTA 


0008' 

1 1 003C 


LD 

DE, ADDTA 


OOOB' 

ED A3 

STCONV: 

OUTI 


START A CONVERSION 

OOOD' 

EB 


EX 

DE.HL 

HL= RAM ADDRESS FOR THE 

A/D DATA 

OOOE' 

3E OF 


LD 

A, DEL 


0010' 

3D 

WAIT: 

DEC 

A i 

WAIT 60 jLtsec FOR THE 

0011' 

C2 0013' 


JP 

NZ,WAIT 

CONVERSION TO FINISH 

0014' 

EDA2 


INI 


STORE THE A/D’S DATA 

THE REQUIRED CONVERSIONS CO^ 

0016' 

EB 


EX 

DE,HL 


0017' 

C2 OOOE' 


JP 

NZ, STCONV 

lIFNOT GOTO STCONV 


Note: A conversion is started, then a 60 fis wait for the A/0 to complete a conversion and the data is stored at address ADDTA for the first conversion, 
ADDTA + 1 for the second conversion, etc. for a total of 8 conversions. 


Ordering Information 


Temperature 

Range 


O^Cto +70‘’C 


-40“Cto +85‘’C 


Total Unadjusted Error 

± 1/2 LSB 

±1 LSB 

ADC0841BCN 

ADC0841CCN 

ADC0841BCV 

ADC0841CCV 


Package 

Outline 


N20A Molded Dip 













National Semiconductor 

ADC0844/ADC0848 8-Bit jixP Compatible A/D Converters 


with Multiplexer Options 

General Description 

The ADC0844 and ADC0848 are CMOS 8-bit successive 
approximation A/D converters with versatile analog input 
multiplexers. The 4-channel or 8-channel multiplexers can 
be software configured for single-ended, differential or 
pseudo-differential modes of operation. 

The differential mode provides low frequency input common 
mode rejection and allows offsetting the analog range of the 
converter. In addition, the A/D’s reference can be adjusted 
enabling the conversion of reduced analog ranges with 8-bit 
resolution. 

The A/Ds are designed to operate from the control bus of a 
wide variety of microprocessors. TRI-STATE® output latch- 
es that directly drive the data bus permit the A/Ds to be 
configured as memory locations or I/O devices to the micro- 
processor with no interface logic necessary. 


Features 

■ Easy interface to all microprocessors 

■ Operates ratiometrically or with 5 Vdc 
voltage reference 

■ No zero or full-scale adjust required 

■ 4-channel or 8-channel multiplexer with address logic 

■ Internal clock 

■ OV to 5V input range with single 5V power supply 

■ 0.3" standard width 20-pin or 24-pin DIP 

■ 28 Pin Molded Chip Carrier Package 

Key Specifications 

B Resolution 8 Bits 

B Total Unadjusted Error ± 1/2 LSB and ± 1 LSB 

m Single Supply 5 Vdc 

M Low Power 1 5 mW 

B Conversion Time 40 jlls 


Biock and Connection Diagrams 



Dual-ln-Line Package 


Dual-ln-Line Package Molded Chip Carrier Package 



TopViBW 


RD- 

1 


24 

-Vcc 

CHI- 

2 


23 

-cs 

CH2- 

3 


22 

— WR 

CHS- 

4 


21 

-iNTR 

CH4- 

5 


20 

-DBO/MAO 

CHS- 

6 

ADC0848 

19 

-DB1/MA1 

CH6- 

7 

18 

-DB2/MA2 

CH7- 

8 


17 

-DB3/MA3 

CH8- 

9 


16 

-DB4/MA4 

AGND- 

10 


15 

-DBS 

'^REF- 

11 


14 

-DB6 

DGND- 

12 


13 

-DB7 





TL/H/5016-30 


Top View 




Top View 


See Ordering Information 
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Absolute Maximum Ratings (Notes 1 & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 

please contact the National Semiconductor Sales Dual-ln-Une Package (Plastic) 260°C 

Office/Distributors for availability and specifications. Dual-ln-Une Package (Ceramic) 300°C 

Supply Voltage (Vcc) 6.5V Molded Chip Carrier Package 

Voltaae Vapor Phase (60 seconds) 215°C 

Logic Control Inputs -0.3V to + 15V lnfrared(1 5 seconds) 220»C 

At Other Inputs and Outputs -0.3Vto Vcc+0.3V Operating ConditiOnS (Notes 1 & 2) . 

Input current at Any P,n (Note 3) 5 mA supply Voltage (Vcc) 4.5 Vpc to 6.0 Vqc 

Package input Current (Note 3) 20 mA Temperature Range Tmin^Ta^Tmax 

Storage Temperature -65“Cto +150“C ADC0844BCN, ADC0844CCN, O^C^Ta^/O^C 

Package Dissipation at Ta= 25”C 875 mW ADC0848BCN, ADC0848CCN 

ESD Susceptibility (Note 4) 800V ADC0844BCJ, ADC0844CCJ, -40 “C^Ta^85'’C 

^ ^ ADC0848BCJ, ADC0848CCJ 

ADC0848BCV, ADC0848CCV 

ElOCtriCdl Ch3r9Ct6riStiCS The following specifications apply tor Vcc = 5 Vpc unless otherwise specified. 

Boldface limits apply from Tmin to Tmax; all other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

ADC0844BCJ 

ADC0844CCJ 

ADC0848BCJ 

ADC0848CCJ 

ADC0844BCN, ADC0844CCN 
ADC0848BCN, ADC0848CCN 
ADC0848BCV, ADC0848CCV 

Limit 

Units 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Maximum Total 

Unadjusted Error 

ADC0844BCN, ADC0848BCN, BCV 
ADC0844BCJ, ADC0848BCJ 
ADC0844CCN, ADC0848CCN, CCV 
ADC0844CCJ, ADC0848CCJ 

VreF = 5.00 Vdc 
(N ote 8) 


±1 



±72 

±1 

±72 

±1 

LSB 

LSB 

LSB 

LSB 

Minimum Reference 

Input Resistance 


2.4 

1.1 


2.4 

1.2 

1.1 

ka 

Maximum Reference 

Input Resistance 


2.4 

5.9 


2.4 

5.4 

5.9 

ka 

Maximum Common-Mode 

Input Voltage 

(Note 9) 







V 

Minimum Common-Mode 

Input Voltage 

(Note 9) 



■ 




V 

DC Common-Mode Error 

Differential Mode 

±yi6 

±74 


±716 

±74 

±74 

LSB 

Power Supply Sensitivity 

Vcc=5V±5% 

1^9 

±78 



±78 

±78 

LSB 

Off Channel Leakage 

Current 

(Note 10) 

On Channel =5V, 
Off Channel = 0V 


-1 

■ 

■ 


-1 

fjiA 

On Channel = 0V, 
Off Channel =5V 


1 




1 

jLtA 

DIGITAL AND DC CHARACTERISTICS 

V|N( 1 ), Logical “1” Input 

Voltage (Min) 

Vcc = 5.25 V 


2.0 



2.0 

2.0 

V 

V|N(0)i Logical “0” Input 

Voltage (Max) 

Vcc=4.75V 


0.8 



0.8 

0.8 

V 

liN(i), Logical “1” Input 

Current (Max) 

V|n = 5.0V 

0.005 

1 

1 


0.005 


1 

/xA 
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El6CtriC3l Ch3r3CtGriStiCS The following specifications apply tor Vcc = 5 Vdc unless otherwise specified. 

Boldface limits apply from Tmin to Tmax! all other limits Ta = Tj = 25“C. (Continued) 

Parameter 

Conditions 

ADC0844BCJ 

ADC0844CCJ 

ADC0848BCJ 

ADC0848CCJ 

ADC0844BCN, ADC0844CCN 
ADC0848BCN, ADC0848CCN 
ADC0848BCV, ADC0848CCV 

Limit 

Units 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

DIGITAL AND DC CHARACTERISTICS (Continued) 

I|N(0). Logical “0” Input 
Current (Max) 

V,N = 0V 

-0.005 

-1 


-0.005 


-1 

jaA 

VouT(l). Logical “1” 

Output Voltage (Min) 

Vcc = 4.75 V 
l0UT= -360 jaA 
l0UT= M 


2.4 

4.5 



2.8 

4.6 

■ 

2.4 

4.5 

V 

V 

VouT(O). Logical “0” 

Output Voltage (Max) 

Vcc = 4.75V 
Iout== 1-6 niA 


0.4 



0.34 

0.4 

V 

louT. TRI-STATE Output 
Current (Max) 

VouT==0V 

VoUT=5V 

-0.01 

0.01 



-0.01 

0..01 

-0.3 

0.3 

m 


IsouRCE. Output Source 
Current (Min) 

VoUT=0V 





IB 

m 

mA 

IsiNK. Output Sink 

Current (Min) 

VoUT=Vcc 

16 







Ice. Supply Current (Max) 

CS = 1, Vref Open 

1 

2.5 


1 

2.3 

2.5 

mA 

AC ElGCtriC3l Ch3r3CtGristiCS The following specifications apply for Vec = SVpc. tr = = 10 ns unless 

othenft/ise specified. Boldface limits apply from Tmin to Tmax; other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Units 

tc, Maximum Conversion Time (See Graph) 


30 

40 

60 

JtxS 

tw(WR). Minimum WR Pulse Width 

(Note 11) 

50 

150 


ns 

Ucc. Maximum Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 

Cl = 100 pF 
(Note 11) 

145 


225 

ns 

tiH. toH. TRI-STATE Control (Maximum Delay from Rising 
Edge of RD to Hi-Z State) 

Cl= 10 pF, Rl= 10k 
(Note 11) 

125 


200 

ns 

twi. tRi. Maximum Delay from Falling Edge of WR or RD to 
Reset of INTR 

(Note 11) 

200 

400 


ns 

tps. Minimum Data Set-Up Time 

(Note 11) 

50 

100 


ns 

tpH. Minimum Data Hold Time 

(Note 11) 

0 

50 


ns 

C|N, Capacitance of Logic Inputs 


5 



pF 

Cqut. Capacitance of Logic Outputs 


5 



pF 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground pins. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|n > V+) the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typicals are at 25'’C and represent most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Design limits are guaranteed by not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Total unadjusted error includes offset, full-scale, linearity, and multiplexer error. 
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Note 9: For V|n (-) ^ Vin (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Voc to 5 V^c input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance 
and loading. 

Note 10: Off channel leakage current is measured after the channel selection. 

Note 11: The temperature coefficient is 0.3%/“C. 

Typical Performance Characteristics 


Logic Input Threshold Output Current vs Power Supply Current vs 

Voltage vs Supply Voltage Temperature Temperature 



Vcc -SUPPLY VOLTAGE (Voc) TEMPERATURE (»C) TEMPERATURE (“C) 


Linearity Error VS Vref Conversion Time vs Vsupply 



0 1 2 3 4 S 4.5 4.75 5 5.25 5.5 


Vref (V) SUPPLY VOLTAGE (V) 


Conversion Time vs 
Temperature 



-75 - 50 - 25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Unadjusted Offset Error vs 
Vref Voltage 



Vref (V) 


TL/H/5016-3 
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TRI-STATE Test Circuits and Waveforms 




Vcc 



TL/H/5016-4 


tiH.CL = 10 pF 



TL/H/5016-5 


tr = 20 ns 


tOH 


tOH» Cl = 10 pF 



DATA 

OUTPUT 


TL/H/5016-6 


DATA 

OUTPUTS 



tr = 20 ns 


TL/H/5016-7 


Leakage Current Test Circuit 



*NOT INCLUDED ON ADC0844 


TL/H/5016-8 
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Timing Diagrams 


Programming New Channel Configuration and Starting a Conversion 

/ \ r 



Note 1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee reset of INTR. 
Note 2: MA stands for MUX address^ 


Using the Previously Selected Channel Configuration and Starting a Conversion 

\_y“ 



RESULT OF 
THE PREViOUS 
CONVERSION 


READING THE RESULT 
OF THE LAST 
CONVERSION 


TL/H/5016-10 
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Functional Description 

The ADC0844 and ADC0848 contain a 4-channel and 8- 
channel analog input multiplexer (MUX) respectively. Each 
MUX can be configured into one of three modes of opera- 
tion differential, pseudo-differential, and single ended. 
These modes are discussed in the Applications Information 
Section. The specific mode is selected by loading the MUX 
address latch with the proper address (see Table I and Ta- 
ble II). Inputs to the MUX address latch (MA0-MA4) are 
common ^h data bus lines (DB0-DB4) and are enabled 
when the RD line is high. A conversion is initiated via the CS 
and WR l ines. If the data from a previous conversion is not 
read, the INTR line will be low. The falling edge of WR will 
reset the INTR line high and ready the A/D for a conversion 
cycle. The rising edge of WR, with RD high, strobes the data 
on the MA0/DB0-MA4/DB4 inputs into the MUX address 
latch to sel_^ a new input configuration and start a conver- 
sion. If the RD line is held low during the entire low period of 
WR the previous MUX configuration is retained, and the 
data of the previous conversion is the output on lines DBO- 
DB7. After the conversion cycle (tc ^ 40 juts), which is set 
by the internal clock frequency, the digital data is trans- 


ferred t^the output latch a nd the INTR is asserted low. 
Taking CS and RD low resets INTR output high and outputs 
the conversion result on the data lines (DB0-DB7). 

Applications Information 

1.0 MULTIPLEXER CONFIGURATION 

The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by a successive approximation routine. 

The actual voltage converted Is always the difference be- 
tween an assigned “ + ” input terminal and a Input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “ + ” input Is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 


TABLE I. ADC0844 MUX ADDRESSING 



MUX Address 


CS 





Channel# 


MUX 

Mode 










MAS 

MA2 

MAI 

MAO 

CHI 

CH2 

CHS 

CH4 

AGND 

X 

L 

L 

L 

L 


H 

+ 

- , 





X 

L 

L 

H 

H 

L 

If 

H 

- 

+ 




Differential 

X 

L 

L 

L 

H 



+ 

__ 


X 

L 

H 

H 

L 


H 



- 

+ 



L 

H 

L 

L 

L 


H 

+ 




- 


L 

H 

L 

H 

L 

If 

H 


+ 



_ 

Single-Ended 

L 

H 

H 

L 

L 

H , 1 



+ 


- 

L 

H 

H 

H 

L 


H 




+ 

- 


H 

H 

L 

L 

L 

If 

H 

+ 



- 


Pseudo- 

H 

H 

L 

H 

H 

L 

H 


+ 


~ 


Differential 

H 

H 

L 

L 


H 



+ 

— 

1 

X 

X 

X 

X 

L 

If 

L 

Previous Channel Configuration 


4 Single-Ended 


2 Differential 


CHI 

(+) 

CH2 — 

(+) 

CH3 — 

( + ) ADC0844 

CH4 — 

( + ) 


AGND(-) 




'R 


TL/H/5016-12 



+(-) 



ADC0844 

4.( — t 


/ 


1 + 1 


TL/H/5016-13 


3 Pseudo-Differential 


Combined 



TL/H/5016-14 

FIGURE 1. Analog Input Multiplexer Options 
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ended, or pseudo-differential. Figure 1 shows the three 
modes using the 4-channel MUX ADC0844. The eight inputs 
of the ADC0848 can also be configured in any of the three 
modes. In the differential mode, the ADC0844 channel In- 
puts are grouped in pairs, CH1 with CH2 and CH3 with CH4. 
The polarity assignment of each channel in the pair is inter- 
changeable. The single-ended mode has CH1-CH4 as- 
signed as the positive input with the negative input being the 
analog ground (AGND) of the device. Finally, in the pseudo- 
differential mode cm -CHS are positive inputs referenced 
to CH4 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common- 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground referenced in- 
puts and true differential inputs as well as signals with some 
arbitrary reference voltage. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 

2.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog Input (the differ- 
ence between V|N(max) and V|n(min)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the minimum reference 
input resistance of 1.1 kn. This pin is the top of a resistor 


divider string used for the successive approximation conver- 
sion. 

In a ratiometric system {Figure 2a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 2b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals 
Vref/256). 

3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and Common- 
Mode Rejection 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 


TABLE II. ADC0848 MUX Addressing 
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“ + ” input and then the inputs is Va of a clock period. 

The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 


VeRROR(MAX) = Vpeak (Stt fcM) X 0-5 X 



where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value and tc is the conversion time. 
For a 60 Hz common-mode signal to generate a Vi LSB 
error (~ 5 mV) with the converter running at 40 juiS, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 


3.2 Input Current 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 kft. 


3.3 Input Source Resistance 

The limitation of the input source resistance due to the DC 
leakage currents of the input multiplexer is Important. A 
worst-case leakage current of ± 1 /xA over temperature will 
create a 1 mV input error with a 1 kft source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 


4.0 OPTIONAL ADJUSTMENTS 

4.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(min). 's not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|n (-) input at this Vifsj(MiN) value. This is 
useful for either differential or pseudo-differential modes of 
input channel configuration. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V~ input and applying a small mag- 
nitude positive voitage to the V+ input. Zero error is the 
difference between actual DC input voitage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal Vz LSB value (Va LSB = 9.8 
mV for Vref“ 5.000 Vdc)- 

4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which Is 1 Va LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input for a digital output code changing 
from 1111 moto 1111 1111. 

4.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n (+) voltage which 
equals this desired zero reference plus % LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/256) is applied to selected “ + ” input and the 
zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex 01 hex 
code transition. 




a) Ratiometric 


b) Absolute with a Reduced Span 


FIGURE 2. Referencing Examples 
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The full-scale adjustment should be made [with the proper 
V|N (-) voltage applied] by forcing a voltage to the V|n (+) 
input which is given by: 

V,M( + )fsadi = VMAX-1.5[^^^^^^g^] 

where VMAX = the high end of the analog input range and 


VMiN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref (or Vcc) voltage Is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2V^ V|n^5V) 


(5Vdc) 



TL/H/5016-18 
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DO = all 1sif V|n(+)>V|n(-) 
DO = all Os if V|n(+)<V|n(-) 


High Accuracy Comparators 

5V 



TL/H/5016-22 


Operating with Automotive Ratiometric Transducers 

Vcc 
(5 Vqc) 



•V,n(-) = 0.15Vcc 

15% Of Vcc^Vxdr^ 85% Of Vcc 


TL/H/5016-23 
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A Stand Alone Circuit 


5V 5V 



Note: OUT pin numbers in parentheses are for ADC0844, others are for ADC0848. 


Start a Conversion without Updating the Channel Configuration 



TL/H/5016-26 


CS»WR will update the channel configuration and start a conversion. 

CS«RD will read the conversion data and start a new conversion without updat- 
ing the channel configuration. 

Waiting for the end of this conversion is not necessary. A CS«Wr can immedi- 
ately follow the CS«^. 
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ADC0844— INS8039 Interface 

5V 



SAMPLE PROGRAM FOR ADC0844— INS8039 INTERFACE 
CONVERTING TWO RATIOMETRIC, DIFFERENTIAL SIGNALS 





ORG 

OH 


0000 

0410 


JMP 

BEGIN 

START PROGRAM AT ADDR 10 




ORG 

10H 

MAIN PROGRAM 

0010 

B9 FF 

BEGIN: 

MOV 

R1,#0FFH 

LOAD R1 WITH A UNUSED ADDR 

LOCATION 

0012 

B8 20 


MOV 

R0,#20H 

A/D DATA ADDRESS 

0014 

89 FF 


ORL 

P1,#0FFH 

SET PORT 1 OUTPUTS HIGH 

0016 

23 00 


MOV 

A,00H 

LOAD THE ACC WITH A/D MUX DATA 

CH1 AND CH2 DIFFERENTIAL 

0018 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 

001A 

23 02 


MOV 

A.#02H 

LOAD THE ACC WITH A/D MUX DATA 
CH3 AND CH4 DIFFERENTIAL 

001 C 

18 


INC 

RO 

INCREMENT THE A/D DATA ADDRESS 

001 D 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 


;CONTINUE MAIN PROGRAM 


;CONVERSION SUBROUTINE 
;ENTRY:ACC— A/D MUX DATA 
;EXIT; ACC— CONVERTED DATA 





ORG 

50H 


0050 

99 FE 

CONV: 

ANL 

P1,#0FEH 

CHIP SELECT THE A/D 

0052 

91 


MOVX 

@R1,A 

LOAD A/D MUX & START CONVERSION 

0053 

09 

LOOP: 

IN 

A, PI 

INPUT TnTR STATE 

0054 

32 53 


JB1 

LOOP 

IFInTR = 1 GOTO LOOP 

0056 

81 


MOVX 

A,@R1 

IFInTR = 0 INPUT A/D DATA 

0057 

89 01 


ORL 

P1.&01H 

CLEAR THE A/D CHIP SELECT 

0059 

AO 


MOV 

@R0,A 

STORE THE A/D DATA 

005A 

83 


RET 


RETURN TO MAIN PROGRAM 
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I/O Interface to NSC800 

Vcc Vref 



TL/H/5016-28 


SAMPLE PROGRAM FOR ADC0848— NSC800 INTERFACE 


0008 


NCONV 

EQU 

16 


OOOF 


DEL 

EQU 

15 

DELAY 50 jLisec CONVERSION 

001 F 


CS 

EQU 

1FH 

THE BOARD ADDRESS 

3C00 


ADDTA 

EQU 

003CH 

START OF RAM FOR A/D 






DATA 

0000' 

08 09 OAOB 

MUXDTA: 

DB 

08H,09H,0AH.0BH 

MUX DATA 

0004' 

OC OD OE OF 


DB 

0CH,0DH,0EH,0FH 


0008' 

OE1F 

START: 

LD 

C,CS 


OOOA' 

0616 


LD 

B, NCONV 


OOOC' 

21 0000' 


LD 

HL, MUXDTA 


OOOF' 

11 003C 


LD 

DE, ADDTA 


0012' 

ED A3 

STCONV: 

OUTI 


LOAD A/D’S MUX DATA 






AND START A CONVERSION 

0014' 

EB 


EX 

DE.HL 

HL= RAM ADDRESS FOR THE 






A/D DATA 

0015' 

3E0F 


LD 

A, DEL 


0017' 

3D 

WAIT: 

DEC 

A 

WAIT 50 jusec FOR THE 

0018' 

C2 0013' 


JP 

NZ.WAIT 

CONVERSION TO FINISH 

001 B' 

EDA2 


INI 


STORE THE A/D’S DATA 






CONVERTED ALL INPUTS? 

001 D' 

EB 


EX 

DE.HL 


001 E' 

C2 OOOE' 


JP 

NZ, STCONV 

:IF NOT GOTO STCONV 


END 

Note: This routine sequentially programs the MUX data latch in the signal-ended mode. For CH1-CH8 a conversion is started, then a 50 /xs wait for the A/D to 
compiete a conversion and the data is stored at address ADDTA for CHI, ADDTA + 1 for CH2, etc. 



2-240 



Ordering Information 


Temperature 

Total Unadjusted Error 

MUX 

Package 

Range 

±1/2 LSB 

±1 LSB 

Channels 

Outline 

0°Cto +70“C 

ADC0844BCN 

ADC0844CCN 

4 

N20A 

Molded Dip 

ADC0848BCN 

ADC0848CCN 

8 

N24C 

Molded Dip 


ADC0844BCJ 

ADC0844CCJ 

4 

J20A 

Cerdip 

-40”Cto +85°C 

ADC0848BCJ 

ADC0848CCJ 

8 

J24F 

Cerdip 


ADC0848BCV 

ADC0848CCV 

8 

V28A 

Molded Chip Carrier 
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National Semiconductor 


ADC0852/ADC0854 

Multiplexed Comparator with 8-Bit Reference Divider 


General Description 

The ADC0852 and ADC0854 are CMOS devices that com- 
bine a versatile analog input multiplexer, voltage compara- 
tor, and an 8-bit DAC which provides the comparator’s 
threshold voltage (Vjh)- The comparator provides a “1-bit” 
output as a result of a comparison between the analog input 
and the DAC’s output. This allows for easy Implementation 
of set-point, on-off or “bang-bang” control systems with 
several advantages over previous devices. 

The ADC0854 has a 4 input multiplexer that can be software 
configured for single ended, pseudo-differential, and full-dif- 
ferential modes of operation. In addition the DAC’s refer- 
ence input is brought out to allow for reduction of the span. 
The ADC0852 has a two input multiplexer that can be con- 
figured as 2 single-ended or 1 differential input pair. The 
DAC reference Input is internally tied to Vcc- 
The multiplexer and 8-bit DAC are programmed via a serial 
data Input word. Once programmed the output is updated 


once each clock cycle up to a maximum clock rate of 
400 kHz. 

Features 

■ 2 or 4 channel multiplexer 

■ Differential or Single-ended input, software controlled. 

■ Serial digital data interface 

■ 256 programmable reference voltage levels 

■ Continuous comparison after programming 

■ Fixed, ratiometric, or reduced span reference capability 
(ADC 0854) 

Key Specifications 

■ Accuracy, ± Yz LSB or ± 1 LSB of Reference (0.2%) 

■ Single 5V power supply 

■ Low Power, 1 5 mW 



TL/H/5521-1 

FIGURE 1. ADC0854 Simplified Block Diagram (ADC0852 has 2 input channels, 

COM tied to GND, Vref to VcC) V+ omitted, and one GND connection) 

2 Channel and 4 Channel Pin Out 


ADC0852 2-CHANNEL MUX 


ADC0854 4-CHANNEL MUX 

Dual-in-Line Package 


Duai-ln-Line Package 


1 

8 

“Vcc 

(Vref) 


1 

14 

-Vcc 

CHO- 

2 

7 

-CLK 


CHO- 

2 

13 

-Y+ 


ADC0852 








CH1- 

3 

6 

-DO 


CH1- 

3 

12 

-Dl 

GND (COM)- 

4 

5 

-Dl 


CH2- 

rux M 

4 

C 

ADC0854 1 1 

1 n 

-CLK 





TL/H/5521-10 

OnO 

COM- 

0 

lU 

9 

-*uu 


Top View 



6 

-Vref 





DGND- 

7 

8 

-AGND 

AGND and COM internally connected to GND 








Vref internally connected to Vcc 







TL/H/5521-11 


Order Number ADC0852 
See NS Package Number N08E 


Top View 

Order Number ADC0854 
See NS Package Number N14A 
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Absolute Maximum Ratings (Notes i and 2) 



If Military/ Aerospace specified devices are required, 

Lead Temp. (Soldering, 10 seconds) 


please contact the National 

Semiconductor Sales 

Dual-1 n-Line Package (plastic) 

260“C 

Office/Distributors for availability and specifications. 

ESD Susceptibility (Note 14) 

2000V 

Current into V+ (Note 3) 

15 mA 



Supply Voltage, Vcc (Note 3) 

6.5V 

Operating Conditions 


Voltage 


Supply Voltage, Vcc 

4.5VDctO 6.3 Vdc 

Logic and Analog Inputs 

-0.3V to Vcc +0-3V 

Temperature Range 

Tmin ^ Ta ^ Tmax 

Input Current per Pin 

±5 mA 

ADC0854CCN, ADC0852CCN 

0°C ^ Ta ^ 70“C 

Input Current per Package 

±20 mA 



Storage Temperature 

-65‘’Cto +150'’C 



Package Dissipation 




at Ta = 25“C (Board Mount) 

0.8W 




Electrical Characteristics The following specifications apply for Vcc = V+ = 5V (no V+ on ADC0852), 
Vref ^ Vcc + V, fcLK = 250 kHz unless otherwise specified Boldface limits apply from Twin to TmaxI other limits Ta 
= Tj = 25“C. 





ADC0852CCN 

ADC0854CCN 


Parameter 

' 

Conditions 

Typ 

(Note 4) 

Tested 

Limit 
(Note 5) 

Design 

Limit 
(Note 6) 

Units 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted 

Error (Note 7) 
ADC0852/4/CCN 

Vref Forced to 

5.000 Vdc 

1 

±1 

±1 

LSB 

Comparator Offset 
ADC0852/4/CCN 


2.5 


20 

mV 

Minimum Total Ladder 
Resistance 

ADC0854 
(Note 15) 

3.5 

1.3 

1.3 

ka 

Maximum Total Ladder 
Resistance 

ADC0854 
(Note 15) 

3.5 

5.4 

5.9 

kn 

Minimum Cornmon-Mode 

Input (Note 8) 

All MUX Inputs 
and COM Input 


GND-0.05 

GND-0.05 

V 

Maximum Common-Mode 

Input (Note 8) 

All MUX Inputs 
and COM Input 




V 

DC Common-Mode Error 


mesm 

±y4 

±% 

LSB 

Power Supply Sensitivity 

Vcc = 5V ±5% 

±yi6 

±y4 

±% 

LSB 

Vz, Internal 

diode MIN 

breakdown MAX 

at V+ (Note 3) 

15 mA into V+ 


6.3 

8.5 


V 

V 

Iqff. Off Channel Leakage 
Current (Note 9) 

On Channel = 5V, 

Off Channel = OV 


-200 

-1 

jliA 

nA 

On Channel = OV, 

Off Channel = 5V 


+ 200 

+ 1 

jliA 

nA 
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Electrical Characteristics (continued) 





The following specifications apply for Vcc = V+ = 5V (no V+ on ADC0852), fcLK = 250 kHz unless otherwise specified. 

Boldface limits apply from Tmin to Tmax; other limits Ta = 

= Tj = 25»C. 






ADC0852CCN 

ADC0854CCN 


Parameter 

Conditions 


Tested 

Design 

Units 












CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 

Ion. On Channel Leakage 

On Channel = 5V, 



+ 1 


Current (Note 9) 

Off Channel = OV 


+ 200 




On Channel = OV, 



-1 

fiA 


Off Channel = 5V 

. 

-200 


nA 

DIGITAL AND DC CHARACTERISTICS 

V|N(i), Logical “1” Input 

Voltage 

Vee = 5.25V 


2.0 

2.0 

V 

V|N(o). Logical “0” Input 

Voltage 

Vee = 4.75V 


0.8 

0.8 

V 

llN(i), Logical “1” Input 

Current 

< 

z 

II 

< 

o 

o 

0.005 

1 

1 

fiA 

llN(o). Logical “0” Input 

Current 

> 

o 

II 

•z 

> 


-1 

-1 

fiA 

VouT(i). Logical “1” Output 

Vee = 4.75V 





Voltage 

loUT = -360 fxA 


2.4 

2.4 

V 


•out = — 1 0 jaA 


4.5 

4.5 

y 

VouT(O). Logical “0” Output 

IquT =1-6 mA, 





Voltage 

Vee = 4.75V 


0.4 


V 

loUT. TRI-STATE® Output 

CS = Logical “1” 





Current (DO) 

Vqut = 0-4V 

-0.1 

-3 

-3 

fiA 


Vqut = 5V 

0.1 

3 

3 

jmA ^ 

IsOURCE 

Vqut Short to GND 

-14 

-7.5 

-6.5 


ISINK 

Vqut Short to Vee 

16 

9.0 

8.0 


Ice Supply Current 

Includes DAC 




■■nni 

ADC0852 

Ladder Current 

2.7 

6.5 

6.5 


Ice Supply Current 

Does not Include DAC 





ADC0854 (Note 3) 

Ladder Current 

0.9 

2.5 

2.5 

mA 
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AC Characteristics tr = tf = 20 ns, ta = 25”c 


Symbol 

Parameter 

Conditions 

Typ 

(Note 4) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Units 

^CLK 

Clock Frequency 
(Note 12) 

MIN 

MAX 



10 

400 

kHz 

kHz 

tD1 

Rising Edge of Clock 
to “DO” Enabled 


Cl = 100 pF 

650 


1000 

ns 

tr 

Comparator Response 
Time (Note 13) 


Not Including 

Addressing Time 



2 + 1 JUS 

1 /^CLK 


Clock Duty Cycle 
(Note 10) 

MIN 

MAX 



40 

60 


% 

% 

tSET-UP 

CS Falling Edge or 
Data Input Valid to 

CLK Rising Edge 

MAX 




250 

ns 

tHOLD 

Data Input Valid after 
CLK Rising Edge 

MIN 




90 

ns 

tpd1> tpdO 

CLK Falling Edge to 
Output Data Valid 
(Note 11) 

MAX 

Cl = 100 pF 

650 


1000 

ns 

tlH. toH 

Rising Edge of CS to 
Data Output Hi-Z 

MAX 

Cl= 10 pF, Rl= 10k 

Cl = 100 pF, Rl = 2k 
(see TRI-STATE Test Circuits) 

125 

500 

250 

500 

ns 

ns 

C|N 

Capacitance of Logic 
Input 



5 



pF 

Gout 

Capacitance of Logic 
Outputs 



5 



pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Internal zener diodes (approx. 7V) are connected from V+ to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected 
to Vcc via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode ensures that Vcc will be below breakdown when the 
device is powered from V + . Functionality is therefore guaranteed for V + operation even though the resultant voltage at Vcc exceed the specified Absolute 
Max of 6.5V. It is recommended that a resistor be used to limit the max current into V+. 

Note 4; Typicals are at 25'’C and represent most likely parametric norm. 

Note 5: Tested and guaranteed to National AOQL (Average Outgoing Quality Level). 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Total unadjusted error includes comparator offset, DAC linearity, and multiplexer error. It is expressed in LSBs of the threshold DAC’s input code. 

Note 8: For V|n(-)^ V|n( + ) the output will be 0. Two on-chip diodes are tied to each analog input (see Block Diagram) which will fon^^ard conduct for analog input 
voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward 
bias of either diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vdc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature variations, initial tolerance 
and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range ensures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits then 1.6 /nS ^ CLK Low ^ 60 /xS and 1.6 /xS ^ CLK HIGH ^ «>. 

Note 11: With 5S low and programming complete, DO is updated on each falling CLK edge. However, each new output is based on the comparison completed 0.5 
clock cycles prior (see Figure 5). 

Note 12: Error specs are not guaranteed at 400 kHz (see graph: Comparator Error vs. fcLK)- 
Note 13: See text, section 1.2. 

Note 14: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 15: Because the reference ladder of the ADC0852 is internally connected to Vcc. ladder resistance cannot be directly tested for the ADC0852. Ladder 
current is included in the ADC0852’s supply current specification. 
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Typical Performance Characteristics 


Internal DAC Linearity 



Vref (Voc) 


Internal DAC Linearity 
Error vs Temperature 
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Timing Diagrams 

Data Input Timing 



Data Output Timing 


DATA OUT (DO) 


-tpdO. tpdl 


ZUCl 
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TRI-STATE Test Circuits and Waveforms 



Vcc Vcc 
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Leakage Test Circuit 
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FIGURE 2. Detailed Block Diagram 
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Functional Description 

1. 1 The Sampled-data Comparator 

The ADC0852 and ADC0854 utilize a sampled-data com- 
parator structure to compare the analog difference between 
a selected “ + ” and input to an 8-bit programmable 
threshold. 

This comparator consists of a CMOS inverter with a capacl- 
tively coupled input {Figure 4). Analog switches connect the 
two comparator inputs to the input capacitor and also con- 
nect the inverter’s input and output. This device in effect 
now has one differential input pair. A comparison requires 
two cycles, one for zeroing the comparator and another for 
making the comparison. 


In the first cycle {Figure 4a), one input switch and the invert- 
er’s feedback switch are closed. In this interval, the input 
capacitor (C) is charged to the connected Input (V1) less the 
inverter’s bias voltage (Vb, approx, 1 .2 volts). In the second 
cycle {Figure 4b) these two switches are opened and the 
other (V2) input’s switch is closed. The input capacitor now 
subtracts its stored voltage from the second Input and the 
difference is amplified by the inverter’s open loop gain. The 

C 

inverter Input (Vb’) becomes Vb - (V1 - V2) - — -- and 

C + Cs 

the output will go high or low depending on the sign of Vb’- 
Vb. 


FIGURE 4. Sampled-Data Comparator 



TL/H/5521-8 


• Vo = Vb 

• VonC = Vi-Vb 

• , Cs = Stray Input Node Cap. 

• Vb = Inverter Input Bias Voltage 


FIGURE 4a. Zeroing Phase 



TL/H/5521-9 

FIGURE 4b. Compare Phase 


• Vb'-Vb = (V2-V1) 


c 

c+Cs 


• Vo = 57 ^[cv2-cvi] 

• Vo is dependent on V 2 -V 1 


A 



Vo = 


-A 


Cl + C2 + Cs 

-A 


[Ci (V2 - Vi) + C2 (V4 - Vg)] 
[A Q C-| + A Q Cg] 


Ci + C 2 + Cs 

• Comparator Reads Vjh from Internal DAC Differentially 


FIGURE 4c. Multiple Differential Inputs 
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Functional Description (Continued) 

In actual practice, the devices used in the ADC0852/4 are a 
simple but important expansion of the basic comparator de- 
scribed above. As shown in Figure 4c, multiple differential 
comparisons can be made. In this circuit, the feedback 
switch and one input switch on each capacitor (A switches) 
are closed in the first cycle. Then the other input on each 
capacitor is connected while all of the first switches are 
opened. The change in voltage at the inverter’s Input, as a 
result of the change in charge on each input capacitor (C1, 
C2), will now depend on both input signal differences. 

1.2 Input Sampling and Response Time 

The input phases of the comparator relate to the device 
clock (CLK) as shown in Figure 5. Because the comparator 
is a sampling device, its response characteristics are some- 
what different from those of linear comparators. The V|n( + ) 
input is sampled first (CLK high) followed by V|n(-) (CLK 
low). The output responds to those inputs, one half cycle 
later, on CLK’s falling edge. 

The comparator’s response time to an input step is depen- 
dent on the step’s phase relation to the CLK signal. If an 
input step occurs too late to influence the most imminent 
comparator decision, one more CLK cycle will pass before 
the output is correct. In effect, the response time for the 
V|n(+) input has a minimum of 1 CLK cycle + 1 julS and a 
maximum of 2 CLK cycles + 1 jaS. The V|n(-) input’s delay 
will range from 1 /2 CLK cycle + 1 jaS to 1 .5 CLK cycles + 
1 jLiS since it is sampled after V|n(+). 

The sampled inputs also affect the device’s response to 
pulsed signals. As shown in the shaded areas in Figure 5, 
pulses that rise and/or fall near the latter part of a CLK half- 
cycle may be ignored. 

1.3 Input Multiplexer 

A unique input multiplexing scheme has been utilized to pro- 


vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential operation. 
The analog signal conditioning required in transducer-input 
and other types of data acquisition systems is significantly 
simplified with this type of input flexibility; One device pack- 
age can now handle ground referenced inputs as well as 
signals with some arbitrary reference voltage. 

On the ADC0854, the “common” pin (pin 6) is used as the 
input for all channels in single-ended mode. Since this 
input need not be at analog ground, it can be used as the 
common line for pseudo-differential operation. It may be tied 
to a reference potential that Is common to all inputs and 
within the input range of the comparator. This feature Is 
especially useful in single-supply applications where the an- 
alog circuitry is biased to a potential other than ground. 

A particular input configuration Is assigned during the MUX 
addressing sequence which occurs prior to the start of a 
comparison. The MUX address selects which of the analog 
channels is to be enabled, what the input mode will be, and 
the input channel polarity. One limitation is that differential 
inputs are restricted to adjacent channel pairs. For example, 
channel 0 and 1 may . be selected as a differential pair but 
they cannot act differentially with any other channel. 

The channel and polarity selection is done serially via the Dl 
input. A complete listing of the input configurations and cor- 
responding MUX addresses for the ADC0852 and ADC0854 
is shown in tables I and II. Figure 6 illustrates the analog 
connections for the various input options. 

The analog input voltage for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading accuracy. 



FIGURE 5. Analog Input Timing 


TL/H/5521-13 
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Functional Description (Continued) 

TABLE I. MUX Addressing: ADC0854 
Single-Ended MUX ^ode 


MUX Address 


SGL/ ODD/ 
DiF SIGN 


SELECT 0 1 




3 COM 



Differential MUX Mode 


MUX Address 



TABLE II. MUX Addressing: ADC0852 
Single Ended MUX Mode 




COM is internally tied to A GND 

Differential MUX Mode 


MUX Address C 

SGL/ I ODD/ 




















Functional Description (Continued) 

2.0 THE DIGITAL INTERFACE 

An important characteristic of the ADC0852 and ADC0854 
is their serial data link with the controlling processor. A seri- 
al communication format eliminates the transmission of low 
level analog signals by locating the comparator close to the 
signal source. Thus only highly noise immune digital signals 
need to be transmitted back to the host processor. 

To understand the operation of these devices it is best to 
refer to the timing diagrams {Figure 3) and functional block 
diagram {Figure 2) while following a complete comparison 
sequence. 

1. A comparison is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire ad- 
dressing sequence and comparison. The comparator then 
waits for a start bit, its MUX assignment word, and an 8-bit 
code to set the internal DAC which supplies the compara- 
tor’s threshold voltage (Vjh)- 

2. An external clock is applied to the CLK input. This clock 
can be applied continuously and need not be gated on and 
off. 

3. On each rising edge of the clock, the level present on the 
Dl line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line. All 
leading zeroes are ignored. After the start bit, the ADC0852 
expects the next 2 bits to be the MUX assignment word 
while the ADC0854, with more MUX configurations, looks 
for 3 bits. 

4. Immediately after the MUX assignment word has been 
clocked in, the shift register then reads the next eight bits as 
the Input code to the internal DAC. This eight bit word Is 
read LSB first and is used to set the voltage applied to the 
comparator’s threshold input (Internal). 

5. After the rising edge of the 11th or 12th clock (ADC0852 
or ADC0854 respectively) following the start bit, the com- 
parator and DAC programming is complete. At this point the 
Dl line is disabled and ignores further inputs. Also at this 
time the data out (DO) line comes out of TRI-STATE and 
enters a don’t care state (undefined output) for 1.5 clock 
cycles. 

6. The result of the comparison between the programmed 
threshold voltage and the difference between the two se- 
lected inputs (V|N (+)— V|N (-)) is output to the DO line on 
each subsequent high to low clock transition. 

7. After programming, continuous comparison on the same 
selected channel with the same programmed threshold can 


be done indefinitely, without reprogramming the device, as 
long as CS remains low. Each new comparator decision will 
be shifted to the output on the falling edge of the clock. 
However, the output will, in effect, “lag” the analog input by 
0.5 to 1 .5 clock cycles because of the time required to make 
the comparison and latch the output (see Figure 5). 

8. All internal registers are cleared when the CS line is 
brought high. If another comparison is desired CS must 
make a high to low transition followed by new address and 
threshold programming. 

3.0 REFERENCE CONSIDERATIONS / RATIOMETRIC 
OPERATION 

The voltage applied to the “Vref” input of the DAC defines 
the voltage span that can be programmed to appear at the 
threshold input of the comparator. The ADC0854 can be 
used in either ratiometric applications or in systems with 
absolute references. The Vref pin must be connected to a 
source capable of driving the DAC ladder resistance (typ. 
2.4 kft) with a stable voltage. 

In ratiometric systems, the analog input voltage is normally 
a proportion of the DAC’s or A/D’s reference voltage. For 
example, a mechanical position servo using a potentiometer 
to indicate rotation, could use the same voltage to drive the 
reference as well as the potentiometer. Changes in the val- 
ue of Vref would not affect system accuracy since only the 
relative value of these signals to each other is important. 
This technique relaxes the stability requirements of the sys- 
tem reference since the analog input and DAC reference 
move together, thus maintaining the same comparator out- 
put for a given input condition. 

In the absolute case, the Vref input can be driven with a 
stable voltage source whose output is insensitive to time 
and temperature changes. The LM385 and LM336 are good 
low current devices for this purpose. 

The maximum value of Vref 's limited to the Vcc supply 
voltage. The minimum value can be quite small (see typical 
performance curves) allowing the effective resolution of the 
comparator threshold DAC to also be small (Vref = 0.5V, 
DAC resolution = 2.0 mV). This in turn lets the designer 
have finer control over the comparator trip point. In such 
instances however, more care must be taken with regard to 
noise pickup, grounding, and system error sources. 


T 


a) Ratiometric 


— 5V 

;2k 

1.25V 
^LM385 

TL/H/5521-16 

b) Absolute with a Reduced Span 




TRANSDUCER 
•1.25V 


FIGURE 7. Referencing Examples 
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Functional Description (Continued) 

4.0 ANALOG INPUTS 

4. 1 Differential Inputs 

The serial interface of the ADC0852 and ADC0854 allows 
them to be located right at the analog signal source and to 
communicate with a controlling processor via a few fairly 
noise immune digital lines. This feature In itself greatly re- 
duces the analog front end circuitry often needed to main- 
tain signal integrity. Nevertheless, a few words are in order 
with regard to the analog inputs should the input be noisy to 
begin with or possibly riding on a large common mode volt- 
age. 

The differential Input of the comparator actually reduces the 
effect of common-mode Input noise, i.e. signals common to 
both selected “ + ” and Inputs such as 60 Hz line 
noise. The time interval between sampling the “ + ” input 
and then the input is of a clock period (see Figure 
5). 

The change in the common-mode voltage during this short 
time interval can cause comparator errors. For a sinusoidal 
common-mode signal this error is; 

VeRROR (MAX) = VpEAK (27r fcM/2 fcLk) 

where fcM is the frequency of the common-mode signal, 

Vpeak is its peak voltage value, and fcLK is the DAC clock 

frequency. 

For example, 1 Vpp 60 Hz noise superimposed on both 
sides of a differential Input signal would cause an error (re- 
ferred to the input) of 0.75 mV. This amounts to less than 
V25 of an LSB referred to the threshold DAC, (assuming 
Vref ~ 5V and fcLK ~ 250 kHz). 

4. 2 Input Currents and Filtering 

Due to the sampling nature of the analog Inputs, short 
spikes of current enter the “ + ” input and leave the at 
the clock edges during a comparison. These currents decay 
rapidly and do not cause errors as the comparator is 
strobed at the end of the clock period (see Figure 5). 

The source resistance of the analog input is important with 
regard to the DC leakage currents of the input multiplexer. 
The worst-case leakage currents of ± 1 |m.A over tempera- 
ture will create a 1 mV input error with a 1 kft source 

Typical Applications 



TL/H/5521-17 

FIGURE 8. An On-Chip Shunt Regulator Diode 


resistance. An op-amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance source be required. 

4. 3 Arbitrary Analog Input/Referehce Range 

The total span of the DAC output and hence the compara- 
tor’s threshold voltage is determined by the DAC reference. 
For example, if Vref is set to 1 volt then the comparator’s 
threshold can be programmed over a 0 to 1 volt range with 
8 bits of resolution. From the analog Input’s point of view, 
this span can also be shifted by applying an offset potential 
to one of the comparator’s selected analog input lines (usu- 
ally “-”). This gives the designer greater control of the 
ADC0852/4’s input range and resolution and can help sim- 
plify or eliminate expensive signal conditioning electronics. 
An example of this capability is shown in the “Load Cell 
Limit Comparator” of Figure 15. In this circuit, the ADC0852 
allows the load-cell signal conditioning to be done with only 
one dual op-amp and without complex, multiple resistor 
matching. 

5.0 POWER SUPPLY 

A unique feature of the ADC0854 is the inclusion of a 7 volt 
zener diode connected from the “V+” terminal to ground 
{Figures 2 QX\^ 8) “V+ ” also connects to “Vcc” via a silicon 
diode. The zener Is intended for use as a shunt voltage 
regulator to eliminate the need for additional regulating 
components. This Is especially useful If the ADC0854 is to 
be remotely located from the system power source. 

An important use of the Interconnecting diode between V + 
and Vcc 'S shown in Figures 10 and 11. Here this diode is 
used as a rectifier to allow the Vcc supply for the converter 
to be derived from the comparator clock. The low device 
current requirements and the relatively high clock frequen- 
cies used (10 kHz-400 kHz) allows use of the small value 
filter capacitor shown. The shunt zener regulator can also 
be used in this mode however this requires a clock voltage 
swing in excess of 7 volts. Current limiting for the zener is 
also needed, either built into the clock generator or through 
a resistor connected from the clock to V + . 


12V 



TL/H/5521-18 

FIGURE 9. Using the ADC0854 as the 
System Supply Regulator 
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Typical Applications (Continued) 



TL/H/5521-19 

FIGURE 10. Generating Vcc ^rom the Comparator Clock 



TL/H/5521-20 

FIGURE 11. Remote Sensing— Clock 
and Power on One Wire 



TO/tP 



ANALOG INPUT 


FIGURE 13. One Component Window Comparator 

Requires no additional parts. Window comparisons can be accomplished by 
inputting the upper and lower window limits into Dl on successive compari- 
sons and observing the two outputs: 

Two high outputs —*■ input > window 
Two low outputs — ► input < window 
One low and one high — > input is within window 


TL/H/5521-22 
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Typical Applications (Continued) 




FIGURE 16. Adding Comparator Hysteresis 


Hysteresis band = 50 mV 


250 kHz 



TL/H/5521-27 


• Range of pulse-widths controlled via Ri, C-| 


2-257 


ADC0852/ADC0854 




ADC0852/ADC0854 


Typical Applications (Continued) 



FIGURE 18. Serial Input 8-Bjt DAC 


Ordering Information 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0852CCN 

2 

±1 

N08E 

0"Cto 70“C 

ADC0854CCN 

4 

±1 

N14A 

0°Cto 70°C 
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Semiconductor 


ADC08061/ADC08062 

500 ns A/D Converter with S/H Function 

and Input Multiplexer 


General Description 

Using a patented multi-step A/D conversion technique, the 
8-bit ADC08061 and ADC08062 CMOS ADCs offer 500 ns 
(typ) conversion time, internal sample-and-hold (S/H), and 
dissipate only 1 25 mW of power. The ADC08062 has a two- 
channel multiplexer. The ADC08061 /2 family performs an 
8-bit conversion using a 2-bit voltage estimator that gener- 
ates the 2 MSBs and two low-resolution (3-bit) flashes that 
generate the 6 LSBs. 

Input track-and-hold circuitry eliminates the need for an ex- 
ternal sample-and-hold. The ADC08061/2 family performs 
accurate conversions of full-scale input signals that have a 
frequency range of DC to 300 kHz (full-power bandwidth) 
without need of an external S/H. 

The digital interface has been designed to ease connection 
to microprocessors and allows the parts to be I/O or memo- 
ry mapped. 


Key .Specifications 


B Resolution 

8 bits 

■ Conversion Time 

560 ns max (WR-TO Mode) 

■ Full Power Bandwidth 

300 kHz 

■ Throughput rate 

1.5 MHz 

■ Power Dissipation 

125 mW max 

■ Total Unadjusted Error 

± 1/2 LSB and ±1 LSB 


Features 

0 1 or 2 input channels 

■ No external clock required 

■ Analog input voltage range from GND to V+ 

■ Overflow output available for cascading (ADC08061) 

■ ADC08061 pin-compatible with the industry standard 
ADC0820 

Applications 

■ Mobile telecommunications 

■ Hard disk drives 

■ instrumentation 

■ High-speed data acquisition systems 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Saies 
Office/Distributors for avaiiabiiity and specifications. 

Supply Voltage (V + ) 6V 

Logic Control Inputs -0.3V to V+ + 0.3V 

Voltage at Other Inputs and Outputs - 0.3V to V + + 0.3V 
Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 

J Package 875 mW 

N Package 875 mW 

WM Package 875 mW 

Storage Temperature - 65*C to + 1 50*C 


Converter Characteristics 

The following specifications apply for RD Mode, V+ = 5V, Vref+ = 5V, and Vref- = GND unless otherwise specified. 

Boldface limits appiy for Ta = Tj = Tmin TmaxI all other limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

Typical 

(Note?) 

Limits 
(Note 8) 

Units 

(Limit) 

INL 

Integral Non Linearity 

ADC08061/2 

BIN, BIWM 


±72 

LSB (max) 

ADC08061/2 

CIN,CIWM,CMJ 


±1 

LSB(max) 

TUE 

Total Unadjusted Error 

ADC08061/2 

BIN, BIWM 


±72 

LSB (max) 

ADC08061/2 

cin;ciwm,cmj 


±1 

LSB (max) 


Missing Codes 



0 



Reference Input Resistance 


700 

700 

500 

1250 

n(mln) 
n (rhax) 

Vref+ 

Positive Reference 

Input Voltage 



Vref- 

V+ 

V (min) 

V (max) 

Vref- 

Negative Reference 

Input Voltage 



GND 

Vref+ 

V (min) 

V (max) 

V|N 

Analog 

Input Voltage 

(Note 10) 





On Channel Input 

Current 

On Channel Input = 5V, 

Off Channel Input = OV (Note 11) 

-0.4 

-20 

jliA (max) 

On Channel Input = OV, 

Off Channel Input = 5V (Note 11) 

-0.4 

-20 

fiA (max) 

PSS 

Power Supply Sensitivity 

V+ = 5V ±5%, Vref = 4.75V 

All Codes Tested 

±yi6 

±72 

LSB (max) 


Effective Bits 


7.8 


Bits 


Full-Power Bandwidth 


300 


kHz 

THD 

Total Harmonic Distortion 


0.5 


% 

S/N 

Signal-to-Noise Ratio 


50 


dB 

IMD 

Intermodulation Distortion 


50 


dB 


Lead Temperature (Note 5) 

J Package (Soldering, 1 0 sec.) -f SOO^C 

N Package (Soldering, 1 0 sec.) + 260‘*C 

WM Package (Vapor Phase, 60 sec.) + 21 S^C 

WM Package (Infrared, 1 5 sec.) + 220‘’C 

ESD Susceptibility (Note 6) 2 kV 

Operating Ratings (Notes 1 & 2) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC08061/2BIN, 

ADC08061/2CIN, 

ADC08061/2BIWM, 

ADC08061 /2CIWM -40‘’C ^ Ta ^ 85“C 

ADC08061CMJ, 

ADC08061CMJ/883 -55“C ^ Ta ^ 125'’C 

Supply Voltage, (V + ) 4.5V to 5.5V 
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AC Electrical Characteristics 

The following specifications apply for V+ = 5V, tr = tf = 10 ns, Vref+ = 5V, Vref- = OV unless otherwise specified. 

Boldface limits apply for Ta = Tj = Tmin to TmaxI other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limits 
(Note 8) 

Units 

(Limit) 

tWR 

Write Time 

Mode Pin to V+; 

{Figures 2a, 2b, and 3 ) 

100 

100 

ns (min) 

tRD 

Read Time (Time from Falling Edge 
of WR to Falling Edge of 

Mode Pin to V+; (Figure 2a) 

350 

350 

ns (min) 


ro Width 

Mode Pin to GND; (Figure 4) 

200 

400 

250 

400 

ns (min) 
ns (max) 

tCONV 

WR-^ Mode Conversion Time 
(twR + t^ + tACCI ) 

Mode Pin to V + ; (Figure 2a) 

500 

560 

ns (max) 

tCRD 

TO Mode Conversion Time 

Mode Pin to GND; (Figure 1) 

655 

900 

ns (max) 

tACCO 

Access Time (Delay from Falling Edge 
of RD to Output Valid) 

Cl ^ 100 pF 

Mode Pin to GND; (Figure 1) 

640 

900 


tACCI 

Access Time (Delay from Falling Edge 
of RD to Output Valid) 

Cl ^ 10 pF 

Cl = 100 pF 

Mode Pin to V+,t^ ^ tir^L 
(Figure 2a) 

45 

50 

110 

ns (max) 

tACC2 

Access Time (Delay from Falling Edge 
of RD to Output Valid) 

Cl^IOpF 

Cl=100pF 

W > tlNTC; {Figures 2b and 4 ) 

25 

30 

90 

ns (max) 

tOH 

TRI-STATE® Control (Delay from 

Rising Edge of RD to Hl-Z State) 

Rl = 3 kfl, Cl = 10 pF 

30 

60 

ns (max) 

tiH 

TRI-STATE Control (Delay from 

Rising Edge of RD to Hl-Z State) 

Rl = 3 kn, Cl = 10 pF 

30 

70 

ns (max) 

tlFTfL 

Delay from Rising Edge of 

WR to Falling Edge of TnT 

{Figures 2b, and 3) 

Mode Pin = V+,Cl = 50 pF 

520 

690 

ns (max) 

tlNTH 

Delay from Rising Edge of 
to Rising Edge of IFTT 

Cl = 50 pF; {Figures 1, 2a, 2b, and 4) 

50 

95 


tlFTfH 

Delay from Rising Edge of 

WR to Rising Edge of Wf 

Cl = 50 pF; (Figure 3) 

45 

95 


tRDY 

Delay from CS to RDY 

Mode Pin = OV, Cl = 50 pF, 

Rl = 3 ka (Figure 1) 

25 

45 


t|D 

Delay from InT to Output Valid 

Rl = 3 kn, Cl = 1 0O pF; (Figure 3) 

0 

15 


tRI 

Delay from RD to TnT 

Mode Pin = V+, t^ ^ tjf^L; (Figure 2a) 

60 

115 


tN 

Time between End of ^ 
and Start of New Conversion 

{Figures 1, 2a, 2b, 3 and 4 ) 

50 

60 


tAH 

Channel Address Hold Time 

{Figures 1, 2a, 2b, 3 and 4 ) 

10 

60 


tAS 

Channel Address Setup Time 

{Figures 1, 2a, 2b, 3 and 4 ) 

0 

O 

ns (max) 


CS Setup Time 

{Figures 1, 2a, 2b, 3 and 4 ) 

0 

0 

ns (max) 

tCSH 

CS Hold Time 

{Figures 1, 2a, 2b, 3 and 4 ) 

0 

0 

ns (min) 

CviN 

Analog Input Capacitance 


25 


pF 

Gout 

Logic Output Capacitance 


5 


pF 

Qn 

Logic Input Capacitance 


5 


pF 
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DC Electrical Characteristics The following specifications apply for V+ = 5V unless otherwise specified. 

Boldface limits apply for Ta = Tj = Tmin to Tmax* all other Ta = Tj = 25°C. 


Symbol 


ISOURCE 


Logic “1” Input Voltage 


Logic “0” Input Voltage 


Logic “1” Input Current 


Logic “0” Input Current 


Logic “1 ” Output Voltage 


Logic “0” Output Voltage 


TRI-STATE Output Current 


Conditions 

V+ = 5.5V 

Mode Pin 

ADC08062 

CS, WR.TO.AO Pins 

ADC08061 

WR, RD Pins 

V+ = 4.5V 
Mode Pin 
ADC080^ 

CS, WR, RD, AO Pins 
ADC08061 
CS, WR,roPins 

V|H^5V 
CS, RD, AO Pins 
WRPin 
Mode Pin 

V|L = OV 

CS, RD, WR, AO Pins 
Mode Pin 

V-*- = 4.75 V 
IquT = -360 jliA 
DB0-DB7, OFL,InT 
loUT = - 1 0 jaA 
_^B0-DB7, 0FL,T]^ 

V+ = 4.75V 
loUT =1-6 mA 
DBO-DB7,OFL, TnT, RDY 


Typical 
(Note 7) 


Limits 
(Note 8) 


juA (max) 
juiA (max) 
juiA (max) 








Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: All voltages are measured with respect to the GND pin, unless othenwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply voltage (Vin < GND or V|n > \/+), the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current specification limits the number of pins that can exceed the power supply boundaries with a 5 mA current 
limit to four. 

Note 4: The power dissipation of this device under normal operation should never exceed 875 mW (Quiescent Power Dissipation + the loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (e.g., when any input or 
output exceeds the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction 
temperature), 0 ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is PDmax = (Tjmax “ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. The table below details Tjmax and 0 ja for the various 
packages and versions of the ADC08061 /2. 


Part Number 

Tjmax 

^JA 

ADC08061/2BIN 

105 

51 

ADC08061/2CIN 

105 

51 

ADC08061/2BIWM 

105 

85 

ADC08061/2CIWM 

105 

85 


Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices. 

Note 6: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 7: Typicals are at 25‘’C and represent most likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 9: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 10: Two on-chip diodes are tied to each analog input and are reversed biased during normal operation. One is connected to V+ and the other is connected to 
GND. They will become forward biased and conduct when an analog input voltage is equal to or greater than one diode drop above V+ or below GND. Therefore, 
caution should be exercised when testing with V+ = 4.5V. Analog inputs with magnitudes equal to 5V can cause an input diode to conduct, especially at elevated 
temperatures. This can create conversion errors for analog signals near full-scale. The specification allows 50 mV forward bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than 50 mV. Exceeding this range on an unselected channel will 
corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV ^ V|n ^ 5V can be achieved by ensuring that the minimum supply 
voltage applied to V+ is 4.950V over temperature variations, initial tolerance, and loading. 

Note 11: Off-channel leakage current is measured after the on-channel selection. 
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TRI-STATE Test Circuits and Waveforms 


tlH tiH,CL=10pF 




toH 



DATA 

OUTPUT 


TL/H/ 11086-3 


toH» Cl - 10 pF 



Timing Diagrams 



FIGURE 1. RD Mode (Mode Pin is Low) 
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Timing Diagrams (Continued) 


cs 


WR 


INT 



-I ^ 



\ 


r 



FIGURE 3. WR-RD Mode (Mode Pin is High) Reduced Interface System Connection (CS = RD = 6) 



FIGURE 4. RD Mode (Pipeline Operation) (Mode Pin is Low and t^w ni^ust be between 200 ns and 400 ns) 
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Typical Performance Characteristics 



-100 -50 0 50 100 150 

AMBIENT TEMPERATURE (OC) 


Linearity Error vs 
Reference Voltage 



0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


Offset Error vs 
Reference Voitage 



0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


Supply Current 



-100 -50 0 50 100 150 

TEMPERATURE (OC) 


Logic Threshold 



-100 -50 0 50 100 150 

TEMPERATURE (OC) 


Output Current 



-100 -50 0 50 100 150 

TEMPERATURE (<>C) 

TL/H/1 1086-24 


Connection Diagrams 


. V,N- 

, 

"TIT- 

20 

-V+ 

DBO- 

2 


19 

— NC 

DB1- 

3 


18 

-onl 

DB2- 

4 


17 

-DB7 

DB3- 

5 


16 

-DB6 

WR/RDY- 

6 

A0C08061 

15 

-DB5 

MODE- 

7 


14 

-DB4 


8 


13 

-CS 

iNT- 

9 


12 

“%F+ 

GND- 

10 


11 

”%F- 


TL/H/1 1086-14 

Dual-In-Line and Wide-Body 
Small-Outline 

Packages J20A, N20A or M20B 



Dual-ln-Line and Wide-Body 
Small-Outline 
Packages N20A or M20B 


Ordering Information 


Industrial (-40°C ^ Ta 85°C) 

Package 

ADC08061BIN, ADC08061CIN, 
ADC08062BIN. ADC08062CIN 

N20A 

ADC08061BIWM, ADC08061CIWM, 
ADC08062BIWM, ADC08062CIWM 

M20B 

ADC08061CMJ, 

ADC08061CMJ/883. 5962 

J20A 
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Pin Description 

V|N. V|Ni-8 These are analog inputs. The input range is 
GND-50 mV ^ V|nput ^ V+ + 50 mV. The 
ADC08061 has a single input (V|n) and the 
AbC08062 has a two-channel multiplexer 
(V 1 NI- 2 ). 

DB0-DB7 TRI-STATE data outputs— bit 0 (LSB) through 
bit 7 (MSB). 

WR/RDY WR-RD Mode (Logic high applied to MODE 

pin) 

WR: With CS low, t|^ conversion is started on 
the falling edge of WR. The digital result will be 
strobed into the output latch at the end of con- 
version (see Figures 2a, 2b, and 3 ). 

RD Mode (Logic low applied to MODE pin) 
RDY: This is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and return high at the end of con- 
version. 

Mode: Mode (RD or WR-RD) selection input— 

MODE This pin is pulled to a logic low through an inter- 
im 50 fiA current sink when left unconnected. 
RD Mode is selected if the MODE pin is left 
unconnected or externally forced low. A c om- 
plete conversion is accomplished by pulling RD 
low until output data appears. 

WR-RD Mode is selected when a high is ap- 
plied to the MODE pin. A conversion starts with 
the WR signal’s rising edge and then using RD 
to access the data. 

WR-RD Mode (logic high on the MODE pin) 

RD This is the active low Read input. With a logic 

low applied to the CS pin, the TRI-STATE data 
outputs (DB0-DB7) will be activated when RD 
goe s low (see Figures 2a, 2b and 3). 

RD Mode (logic low on the MODE pin) 

With C§ low, a conversion starts on the falling 
edge of RD. Output data appears on DB0-DB7 
at the end of conversion (see Figures 1 and 4). 

Wf This is an active low output that indicates that a 

conversion is complete and the data is in the 
output latch. I NT is reset by the rising edge of 
RD. 

GND This is the power supply ground pin. The 
ground pin should be connected to a “clean” 
ground reference point. • 


Vref- These are the reference voltage inputs. They 

VpEF-t- niay be placed at any voltage between GND- 
50 mV and V+ + 50 mV, but Vref-h n^iust be 
greater than Vref-- Ideally, an Input voltage 
equal to Vref- produces an output code of 0, 
and an input voltage greater than Vref+ “ 
1 .5 LSB produces an output code of 255. 

For the ADC08062, an input voltage on any un- 
selected input that exceeds V + by more than 
1 00 mV or is below GND by more than 100 mV 
will create errors in a selected channel that is 
operating within proper operating conditions. 

CS This Is the active low Chip Select Input. A logic 

low signal applied to this Input pin enables the 
RD and WR inputs. Internally, the C§ signal is 
ORed with RD and WR signals. 

OFL Overflow Output. If the analo g input is higher 
than Vref+ “ V2 LSB, OFL will be low at the 
end of conversion. It can be used when cas- 
cading two ADC08061S to achieve higher reso- 
lution (9 bits). This output is always active and 
does not go into TRI-STATE as DB0-DB7 do. 
When OFL is set, all data outputs remain high 
when the ADC08061 ’s output data is read. 

NC No connection. 

AO This logic input Is used to select one of the 

ADC08062’s input multiplexer channels. A 
channel is selected as shown in the table be- 
low. 



V+ Positive power supply voltage input. Nominal 

operating supply voltage is +5V. The supply 
pin should be bypassed with a 10 /iF bead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 
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Application Information 

1.0 FUNCTIONAL DESCRIPTION 

The ADC08061 and ADC08062 perform an 8-bit analog-to- 
digital conversion using a multi-step flash technique. The 
first flash generates the five most significant bits (MSBs) 
and the second flash generates the three least significant 
bits (LSBs). Figure 5 shows the major functional blocks of 
the ADC08061/2’s multi-step flash converter. It consists of 
an over-encoded 2y2-bit Voltage Estimator, an Internal DAC 
with two different voltage spans, a 3-bit half-flash converter 
and a comparator multiplexer. 

The resistor string near the center of the block diagram In 
Figure 5 forms the internal main DAC. Each of the eight 
resistors at the bottom of the string is equal to 1 /256 of the 
total string resistance. These resistors form the LSB Lad- 
der and have a voltage drop of 1 /256 of the total reference 
voltage (Vref+ “ Vref-) across them. The remaining re- 
sistors make up the MSB Ladder. They are made up of 
eight groups of four resistors connected in series. Each 
MSB Ladder section has Vs of the total reference voltage 
across it. Within a given MSB Ladder section, each of the 
MSB resistors has 8/256, or y 32 of the total reference 


V|N 





TL/H/1 1086-18 

FIGURE 5. Block Diagram of the ADC08061/2 Multi-Step Flash Architecture 


voltage across it. Tap points are found between all of the 
resistors In both the MSB and LSB Ladders. Through the 
Comparator Multiplexer these tap points can be connected, 
in groups of eight, to the eight comparators shown at the 
right of Figure 5. This function provides the necessary refer- 
ence voltages to the comparators during each flash conver- 
sion. 

The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected between 
Vref+ and Vref- generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution A/D conversion to obtain an 
“estimate” of the Input voltage. This estimate Is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six In the Voltage Estimator and 
eight in the flash converter, are needed to achieve the full 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 
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Application Information (Continued) 

A conversion begins w)th the Voltage Estimator comparing 
the analog input signal against the six tap voltages on the 
estimator DAC. The estimator decoder then selects one of 
the groups pf tap points ajong the MSB Ladder. These eight 
tap points are then connected to the eight flash compara- 
tors. For example, if the analog input signal applied to Vim is 
between 0 and Yie of Vref (Vref = Vref+ - Vref-). the 
estimator decoder Instructs the comparator multiplexer to 
select the eight tap points between 8/256 and 2/8 of Vref 
and connects them to the eight flash comparators. The first 
flash cpnversion is now performed, producing the five MSBs 
of data. 

The remaining three LSBs are generated next using the 
same eight comparators that were used for the first flash 
conversion. As determined by the results of the MSB flash, 
a voltage from the MSB Ladder equivalent to the magnitude 
of the five MSBs Is subtracted from the analog input voltage 
as the upper switch is moved from position one to position 
two. The resulting remainder voltage is applied to the eight 
flash comparators and, with the lower switch in position two, 
compared with the eight tap points from the LSB Ladder. 
By using the same eight comparators for both flash conver- 
sions, the number of comparators needed by the multi-step 
converter is significantly reduced when compared to stan- 
dard half-flash techniques. 

Voltage Estimator errors as large as Vie of Vref (16 LSBs) 
will be corrected since the flash comparators are connected 
to ladder voltages that extend beyond the range specified 
by the Voltage Estimator. For example, if Vie Vref < V||sj < 
®/i6 Vref the Voltage Estimator’s comparators tied to the 
tap points below Vref will output “1”s (0001 11). This Is 
decoded by the estimator decoder to “10”. The eight flash 
comparators will be placed at the MSB Ladder tap points 
between Vs Vref and % Vref- T’he overlap of Vie Vref on 
each side of the Voltage Estimator’s span will automatically 
correct an error of up to 16 LSBs (16 LSBs = 312.5 mV for 
Vref = 5V). If the first flash conversion determines that the 
input voltage is between % Vref and 4/8 Vref “ LSB/2, 
the Voltage Estimator’s output code will be corrected by 
subtracting “1”. This results In a corrected value of “01”. If 
the first flash conversion determines that the input voltage is 
between 8/16 Vref ~ LSB/2 and % Vref. the Voltage 
Estimator’s output code remains unchanged. 

After correction, the 2-bit data from both the Voltage Esti- 
mator and the first flash conversion are decoded to produce 
the five MSBs. Decoding is similar to that of a 5-bit flash 
converter since there are 32 tap points on the MSB Ladder. 
However, 31 comparators are not needed since the Voltage 
Estimator places the eight comparators along the MSB Lad- 
der where reference tap voltages are present that fall above 
and below the magnitude of V|n. Comparators are not need- 
ed outside this selected range. If a comparator’s output is a 
“0”, all comparators above it will also have outputs of “0” 
and if a comparator’s output Is a “1 ”, all comparators below 
it will also have outputs of “1”. 

2.0 DIGITAL INTERFACE 

The ADC08061 /2 has two basic interface modes which are 
selected by connecting the MODE pin to a logic high or low. 


2.1 RD Mode 

With a logic low applied to the MODE pin, the converter is 
set to Read mode. In this configuration (see Figure /), a 
complete version is done by pulling RD low, and holding 
low, until the conversion is complete and output data apr 
pears, this typically takes ,655 ns. The I NT (interrupt) line 
goes low at the end of conversion. A t^ical delay of 50 ns is 
needed between the rising edge of RD (after the end of a 
conversion) and the start of the next conversion (by pulling 
RD low). The RDY output goes low after the falling edge of 
CS and goes high at the end-of-conversion. It can be used 
to signal a processor that the converter is busy or serve as a 
system Transfer Acknowledge signal. For the ADC08062 
the data generated by the first conversion cycle after power- 
up is from an unknown channel. 

2.2 RD Mode Pipelined Operation 

Applications that require shorter TO pulse widths than those 
used in the Read mode as described above can be 
achieved by setting TO’s width between 200 ns-400 ns 
(Figure 4). RD pulse widths outside this range will create 
conversion linearity errors. These errors are caused by exer- 
cising internal interface logic circuitry using CS and/or RD 
during a conversion. 

When TO goes low, a conversion is Initiated and the data 
from the previous conversion is available on the DB0-DB7 
outputs. Reading D0-D7 for the first two times after power- 
up produces random data. The data will be valid during the 
third RD pulse that occurs after the first conversion. 

2.3 WR-TO (WR then TO) Mode 

The ADC08061/2 Is in the WR-TO mode with the MODE 
pin tied high. A conversion starts on the falling edge of the 
WR signal. There are two options for reading the output 
data which relate to interface timing. If an interrupt-driven 
scheme is desired, the user can wait for the TnT output to go 
low before reading the conversion result (see Figure 2b ). 
Typically, INT will go low 520 ns, maximum, after WR’s ris- 
ing edge. However, if a shorte r con version time is desired, 
the processor need not wait for HTT and can exercise a read 
afte r only 350 ns (see Figure 2a ). If TO is pulled low before 
INT goes low, INT will immediately go low and data will ap- 
pear at the outputs. This is the fastest operating mode (t^ 
^ tiNTi) with a conversion time, including data access time, 
of 560 ns. Allowing 1 00 ns for reading the conversion data 
and the delay between cpnversions gives a total throughput 
time of 660 ns (throughput rate of 1 .5 MHz). 

2.4 WR-TO Mode with Reduced Interface 
System Connection 

CS and TO can be tied low, using only WR to control the 
start of conversion for applications that req uire reduced digi- 
tal interface while operating in the WR-RD mode (Figure 3). 
Data will be valid approximately 705 ns following WR’s ris- 
ing edge. 

2.5 Multiplexer Addressing 

The ADC08062 has 2 multiplexer inputs. These are selected 
using the AO multiplexer channel selection input. Table I 
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Application Information (Continued) 

shows the input code needed to select a given channel. The 
multiplexer address is latched when received but the multi- 
plexer channel is updated after the completion of the cur- 
rent conversion. 


TABLE I. Multiplexer Addressing 


ADC08062 

AO 

Channel 

0 

V|N1 

1 

V|N2 


The multiplexer address data must be valid at the time of 
RD’s falling edge, remain valid during the conversion, and 
can go high after RD goes high when operating in the Read 
Mode. 

The multiplexer address data should be valid a t or before 
the time of WR’s falling edge, remain valid while WR is low, 
and go invalid after WR goes high when operating in the 

WR-RD Mode. 

3.0 REFERENCE INPUTS 

The two Vref inputs of the ADC08061 12 are fully differen- 
tial and define the zero to full-scale input range of the A to D 
converter. This allows the designer to vary the span of the 
analog input since this range will be equivalent to the volt- 
age difference between Vref+ and Vref-- Transducers 
with minimum output voltages above GND can also be com- 
pensated by connecting Vref- to a voltage that is equal to 
this minimum voltage. By reducing Vref (Vref = Vref+ 
- Vref-) to less than 5V, the sensitivity of the converter 
can be Increased (I.e., if Vref = 2.5V, then 1 LSB = 
9.8 mV). The ADC08061/2’s reference arrangement also 
facilitates ratiometric operation and in many cases the 
ADC08061/2’s power supply can be used for transducer 
power as well as the Vref source. Ratiometric operation is 
achieved by connecting Vref- to GND and connecting 
Vref+ and a transducer’s power supply Input to V+. The 
ADC08061/2's linearity degrades when Vref+ “ |Vref-I 
is less than 2.0V. 

The voltage at Vref- sets the input level that produces a 
digital output of all zeros. Though V|n Is not Itself differential, 
the reference design affords nearly differential-input capability 
for some measurement applications. Figure 6 shows one 
possible differential configuration. 

It should be noted that, while the two Vref inputs are fully 
differential, the digital output will be zero for any analog in- 
put voltage if Vref- ^ Vref+- 


4.0 ANALOG INPUT AND SOURCE IMPEDANCE 

The ADC08061 /2’s analog input circuitry includes an ana- 
log switch with an “on” resistance of 70ft and capacitance 
of 1.4 pF and 12 pF (see Figure 6). The switch is closed 
during the A/D’s in put sign al acquisition time (while WR is 
low when using the WR-RD Mode). A small transient current 
flows into the input pin each time the switch closes. A tran- 
sient voltage, whose magnitude can increase as the source 
impedance increases, may be present at the input. So long 
as the source impedance is less than SOOft; the input volt- 
age transient will not cause errors and need not be filtered. 
Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy Is to be 
achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp’s output during the sampling 
period can result in conversion errors. 

Correct conversion results will be obtained for input volt- 
ages greater than GND - 100 mV and less than V+ + 
100 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than V+, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to 5 mA or less to avoid 
permanent damage to the 1C if an analpg input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 8. 

6.0 INHERENT SAMPLE-AND-HOLD 

An important benefit of the ADC08061/2’s input architec- 
ture is the inherent sample-and-hold (S/H) and its ability to 
measure relatively high speed signals without the help of an 
external S/H. In a non-sampling converter, regardless of its 
speed, the input must remain stable to at least Va LSB 
throughout the conversion process if full accuracy is to be 
maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary dur- 
ing the conversion. 

The ADC08061 and ADC08062 are suitable for DSP-based 
systems because of the direct control of the S/H through 



’Represents a multiplexer channel in the ADC08062. 

FIGURE 6. ADC08061 and ADC08062 Equivalent Input Circuit Model 



TL/H/1 1086-19 
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Application Information (Continued) 


External Reference 2.5V Full-Scale 
(Standard Application) 



Note: Bypass capacitors consist of a 0.1 


Power Supply as Reference 



in parallel with a 10 fiF bead tantalum. 

FIGURE 7. Analog Input Options 


input Not Referred to GND 



•Signal source driving V|n(-) must be capable of 
sinking 5 mA. 



“ TL/H/1 1086-23 

Note the multiple bypass capacitors on the reference and power supply pins. Vref- should be bypass to analog ground using multiple capacitors if it is not 
grounded (see Section 7,0 “Layout, Grounds, and Bypassing”). V|ni Is shown with an optional input protection network. 


FIGURE 8. Typical Connection 


the WR signal. The WR input signal allows the A/D to be 
synchronized to a DSP system’s sampling rate or to other 
ADC08061 and ADC08062S. 

The ADC08061 can perform accurate conversions of full- 
scale input signals at frequencies from dc to more than 
300 kHz (full power bandwidth) without the need of an exter- 
nal sample-and-hold (S/H). 

7.0 LAYOUT, GROUNDS, AND BYPASSING 

In order to ensure fast, accurate conversions from the 
ADC08061/2, it is necessary to use appropriate circuit 
board layout techniques. Ideally, the analog-to-digital con- 
verter’s ground reference should be low impedance and 
free of noise from other parts of the system. Digital circuits 
can produce a great deal of noise on their ground returns 


and, therefore, should have their own separate ground lines. 
Best performance is obtained using separate ground planes 
for the digital and analog parts of the system. 

The analog inputs should be isolated from noisy signal 
traces to avoid having spurious signals couple to the input. 
Any external component (e.g., an input filter capacitor) con- 
nected across the inputs should be returned to a very clean 
ground point. Incorrectly grounding the ADC08061 /2 will re- 
sult in reduced conversion accuracy. 

The V+ supply pin, Vref+. and Vref- 0^ not grounded) 
should be bypassed with a parallel combination of a 0.1 jaF 
ceramic capacitor and a 10 juF tantalum capacitor placed as 
close as possible to the supply pin using short circuit board 
traces. See Figures 7 and 8. 
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National Semiconductor 

ADC08161 

500 ns A/D Converter with S/H Function and 
2.5V Bandgap Reference 

General Description 

Using a patented multi-step A/D conversion technique, the 
8-bit ADC08161 CMOS A/D converter offers 500 ns conver- 
sion time, internal sample-and-hold (S/H), a 2.5V bandgap 
reference, and dissipates only 100 mW of power. The 
ADC08161 performs an 8-bit conversion with a 2-bit voltage 
estimator that generates the 2 MSBs and two low-resolution 
(3-bit) flashes that generate the 6 LBSs. 

Input signals are tracked and held by the Input sampling 
circuitry, eliminating the need for an external sample-and- 
hold. The ADC08161 can perform accurate conversions of 
full-scale input signals at frequencies from DC to typically 
more than 300 kHz (full power bandwidth) without the need 
of an external sample-and-hold (S/H). 

For ease of interface to microprocessors, this part has been 
designed to appear as a memory location or I/O port with- 
out the need for external interfacing logic. 


Block Diagram 


OFL 

DB7 (MSB) 

DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO (LSB) 


V+ 

GND 

VrefouT ^ ^ WR/RDY 

TL/H/1 1149-1 




Key Specifications 

■ Resolution 8 Bits 

■ Conversion time (tcoNv) 560 ns max (WR-^ Mode) 

■ Full power bandwidth 300 kHz (typ) 

■ Throughput rate 1.5 MHz min 

■ Power dissipation 1 00 mW max 

■ Total unadjusted error ± 1/2 LSB and ±1 LSB max 

Features 

■ No external clock required 

■ Analog Input voltage range from GND to V+ 

■ 2.5V bandgap reference 

Applications 

■ Mobile telecommunications 

■ Hard-disk drives 

■ Instrumentation 

■ High-speed data acquisition systems 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
piease contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (V + ) 6V 

Logic Control Inputs -0.3V to V+ + 0.3V 

Voltage at Other Inputs and Outputs - 0.3V to V + + 0.3V 
Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 

N Package 875 mW 

WM Package 875 mW 

Lead Temperature (Note 5) 

N Package (Soldering, 10 sec.) +260‘*C 

WM Package (Vapor Phase, 60 sec.) +215®C 

WM Package (Infrared, 1 5 sec.) + 220’’C 


Converter Characteristics 

The following specifications apply for RD Mode, V+ = 5V, Vref+ = and Vref- = GND unless otherwise specified. 

Boldface limits apply for Ta = Tj = Tmin Tmax> other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limits 

(Notes) 

Units 

(Limit) 

INL 

Integral Non Linearity 

Vref = 5V 

ADC08161BIN, BIWM 


±72 

LSB (max) 



ADC08161CIN,CIWM 


+ 1 

LSB (max) 

TUE 

Total Unadjusted Error (Note 9) 

Vref = 5V 

ADC08161BIN, BIWM 


±72 

LSB (max) 



ADC08161CIN, CIWM, 


±1 ■ 


INL 

Integral Non Linearity 

Vref = 2.5V, All Suffixes 


±1 

LSB (max) 

TUE 

Total Unadjusted Error 

Vref = 2.5V 

ADC08161, All Suffixes 


±1 

LSB (max) 


Missing Codes 

Vref = 5V 


0 

Bits (max) 



Vref = 2.5V 


0 

Bits (max) 


Reference Input Resistance 


700 

500 

fl (min) 




700 

1250 

n (max) 

Vref+ 

Positive Reference Input Voltage 



Vref- 

V (min) 





V + 

V (max) 

Vref- 

Negative Reference 



GND 

V (min) 


Input Voltage 



Vref + 

V (max) 

V|N 

Analog 

(Note 10) 


GND - 0.1 

V (min) 


Input Voltage 



V+ + 0.1 

1 

V (max) 


On-Channel Input Current 

On Channel. Input = 5V, 

Off Channel Input = OV 
(Note 11) 

-0.4 

-20 

jllA (max) 



On Channel Input = OV, 

Off Channel Input = 5V 
(Note 11) 

-0.4 

-20 

jliA (max) 


Storage Temperature -eS^C to + 1 50°C 

ESD Susceptibility (Note 6) 750V 

Operating Ratings (Notes 1 & 2) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC08161BIN, -40“C ^ Ta 85“C 

ADC08161CIN, 

ADC08161BIWM, 

ADC08161CIWM 

Supply Voltage, (V+) 4.5V to 5.5V 
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Converter Characteristics (Continued) 


The following specifications apply for RD Mode, V+ = 5V, Vref+ = 5V, and Vref- = unless otherwise specified. 

Boldface limits apply for Ta = Tj = Tmin TmaxS aH other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limits 
(Note 8) 

Units 

(Limit) 

PSS 

Power Supply Sensitivity 

V+ - 5V ±5%, 

Vref = 4.75V 

All Codes Tested 

±yi6 


LSB (max) 


Effective Bits 

V,N = 4.85Vp.p 
f|N = 20 Hz to 20 kHz 

7.8 


Bits 


Full-Power Bandwidth 

V|N = 4.85 Vd-d 

300 


kHz 

THD 

Total Harmonic Distortion 

V|N = 4.85Vp.p 
f|N = 20 Hz to 20 kHz 

o:5 


% 

S/N 

Signal-to-Noise Ratio 

V|N = 4.85 Vp.p 
flN = 20 Hz to 20 kHz 

50 


dB 

IMD 

Intermodulation Distortion 

V|N = 4.85Vp.p 
f|N = 20 Hz to 20 kHz 

50 


dB 

CviN 

Analog Input Capacitance 


25 


PF 


AC Electrical Characteristics 

The following specifications apply for V+ = 5V, tp = tf = 10 ns, Vref+ = 5V, Vref- = OV unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmjn to TmaxJ other limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

ADC08161BIN, ADC08161C1N, 
ADC08161B1WM. ADC08161CIWM 

Units 



Typical 

Limit 

(Limit) 






(Note 7) 

(Note 8) 


tWR 

Write Time 

' 

Mode Pin to V+ 

{Figures 2a, 2b, and 5) 

100 

100 

ns (min) 

tRD 

Read Time (Time from Rising Edge 
of WR to Falling Edge of TO) 

Mode Pinto V+, 

CMJ Suffix (Figure 2a) 

350 

350 

515 

ns (min) 

tpDW 

TO Width 

Mode Pin to GND (Figure 4) 

200 

250 

ns (min) 




400 

400 

ns (max) 

tCONV 

WR-TO Mode Conversion Time 
(tWR + tRD + Ucci) 

Mode Pin to V+, 

CMJ Suffix (Figure 2a) 

500 

560 

790 

ns (max) 

tcRD 

TO Mode Conversion Time 

Mode Pin to GND, 

CMJ Suffix (Figure 1) 

655 

900 

940 

ns (max) 

tACCO 

Access Time (Delay from Falling 

Cl ^ 100 pF, Mode Pin to GND 

640 


ns (max) 


Edge of TO to Output Valid) 

CMJ Suffix (Figure 1) 


Ucci 

Access Time (Delay from 

Cl ^ 10 pF 

45 


ns 


Falling Edge of TO 

Cl = 100 pF 

50 

110 

ns (max) 


to Output Valid) 

Mode Pin to V+, tRp ^ tiNji 
CMJ Suffix (Figure 2a) 


175 

ns (max) 

tACC2 

Access Time (Delay from 

Cl ^ 10 pF 

25 


ns 


Falling Edge of TO 

Cl = 100 pF 

30 

55 

ns (max) 


to Output Valid) 

tRD > t|NTL. 

CMJ Suffix, {Figures 2b and 4 ) 


60 

ns (max) 

tiH. tOH 

TRI-STATE® Control 

Rl = 3 kft, Cl = 10 pF 





(Delay from Rising Edge 

{Figures 1, 2a, 2b, 3, and 4) 

30 

60 



ofTOtoHI-Z State) 





^InTl 

Delay from Rising Edge of 

Mode Pin = V+, Cl = 50 pF 

520 

690 

ns (max) 


WRto Falling Edge ofTNT 

{Figures 2b, and 3) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = 5V, V = tf = 10 ns, Vref+ = 5V, Vref- 
Boldface limits apply for Ta = Tj = Tmin Tmax; aH other limits Ta = Tj = 25°C. 


OV unless otherwise specified. 



Delay from Rising Edge of 
RD to Rising Edge of TnT 

Delay from Rising Edge of 
WRto Rising Edge ofTI^ 

Delay from CS to RDY 


Delay from I NT 
to Output Valid 


Delay from RD to INT 


Time between End of RD 
and Start of New Conversion 


Setup Time 


Conditions 


Cl = 50 pF, 

CM J Suffix {Figures 1, 2a, 2b, and 4 ) 

Cu = 50 pF, 

CW Suiflx {Figure 3) 

Mode Pin = OV, Cl = 50 pF, 

Rl == 3 ka, 

CMJ Suffix (Figure 1) 


Rl = 3kn,CL = 100 pF 
(Figure 3) 


Mode Pin = V+, tRp ^ ti^jL 
CMJ Suffix (Figure 2a) 


{Figures 1, 2a. 2b, 3 and 4 ) 


{Figures 1, 2a. 2b. 3 and 4 ) 


ADC08161BIN, ADC08161CIN, 
ADC08161BIWM, ADC08161CIWM 

Typical I Limit 


(Note 7) 


(Note 8) 



DC Electrical Characteristics 

The following specifications apply for V+ = 5V unless otherwise specified. Boldface limits apply for Ta = Tj = Tmhi to 
TmaxS sill other limits Ta = Tj = 25®C. 


Conditions 


Logic “1” Input Voltage V+ = 5.5 V 

CS, WR, RD, AO, A1 , A2 Pins 


ADC08161BiN, ADC08161CiN, 
ADC08161BiWM, ADC08161CIWM 


Typicai 
(Note 7) 


Limit 
(Note 8) 


jaA (max) 
































DC Electrical Characteristics (Continued) 

The following specifications apply for V+ = 5V unless otherwise specified. Boldface limits apply for = Tj = Tmii to 
Tmax; all other Urnits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

ADC08161BIN, ADC08161CIN, 
ADC08161B1WM, ADC08161CIWM, 

Units 

Typical 

Limit 

(Limit) 




(Note 7) 

(Note 8) 


VoL 

Logic “0” Output Voltage 

V+ = 4.75V 






Iqut =1-6 mA 

DB0-DB7, OFL, INT, RDY 


0.4 


•o 

TRI-STATE Output Current 

VouT = 5.0V 

DB0-DB7, RDY 

0.1 

3 

jitA (max) 



VoUT = OV 

DB0-DB7, RDY 

-0.1 

-3 

liA (max) 

ISOURCE 

Output Source Current 

VoUT = ov 

DB0-DB7, OFL, INT 

-26 

-6 

mA (min) 

ISINK 

Output Sink Current 

VoUT = 5V 

DB0-DB7, OFL, INT, RDY 

24 

7 

mA (min) 

ic 

Supply Current 

^ = WR = RD = 0 

11.5 

20 

mA (max) 

Gout 

Logic Output Capacitance 


5 


PF j 

Gin 

Logic Input Capacitance 


5 


PF 
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Bandgap Reference Electrical Characteristics 

The following specifications apply for = 5V unless otherwise specified. Boldface limits apply for Tmiii to TmaxS 
other limits Ta = Tj = 25'’C. 


Symbol 

Parameter 

Vrefout 

Internal Reference Output Voltage 

AVref/AT 

Internal Reference Temperature 
Coefficient 

AVref/AIl 

Internal Reference Load 

Regulation 


Line Regulation 

•sc 

Short Circuit Current 

AVREp/At 

Long Term Stability 


Conditions 


Typical 
(Note 7) 


Limits 

(Notes) 

2.5 ± 1.5% 
2.5 ± 2.0% 


Sourcing (0 ^ II ^ +10 mA) 


4.75V ^ V+ ^ 5.25V 


Vrev = ov 



mV (max) 


mA (max) 


ppm/kHr 


I Start-Up Time | V+: OV 5V, Cl = 220 juF | 40 | - 1 ms 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions, listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply voltage (V|n < GND or V|n > V+), the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current specification limits the number of pins that can exceed the power supply boundaries with a 5 mA current 
limit to four. 

Note 4: The power dissipation of this device under normal operation should never exceed 875 mW (Quiescent Power Dissipation + TTL Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (e.g., when any input or 
output exceeds the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction 
temperature), ^ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
•s PDmax = (Tjmax ~ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. The table below details Tjmax aod 0 ja for the various 
packages and versions of the ADC081 61 . 


Part Number 

Tjmax 

^JA 

ADC08161B/CIN 

105 

51 

ADC08161B/CIWM 

105 

85 


Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices. 

Mote 6: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 7: Typicals are at 25“C and represent most likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 9: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 10: Two on-chip diodes are tied to each analog input and are reversed biased during normal operation. One is connected to V+ and the other is connected to 
GND. They will become fonvard biased and conduct when an analog input voltage is equal to or greater than one diode drop above V+ or below GND. Therefore, 
caution should be exercised when testing with V+ = 4.5V. Analog inputs with magnitudes equal to 5V can cause an input diode to conduct, especially at elevated 
temperatures. This can create conversion errors for analog signals near full-scale. The specification allows 50 mV fonvard bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than 50 mV. Exceeding this range on an unselected channel will 
corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV ^ Vin ^ 5V can be achieved by ensuring that the minimum supply 
voltage applied to V+ is 4.950V over temperature variations, initial tolerance, and loading. 

Note 11: Off-channel leakage current is measured on the on-channel selection. 
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TRI-STATE Test Circuit and Waveforms (Continued) 


cs 



TL/H/1 1149-9 

FIGURE 3. WR-RD Mode Reduced interface System Connection with CS = RD = 0 (Mode Pin is High) 



TL/H/1 1149-10 

FIGURE 4. RD Mode (Pipeline Operation); tRow nnust be between 200 ns and 400 ns. 
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Typical Performance Characteristics 


tcRD VS Temperature 



AMBIENT TEMPERATURE (®C) 


Linearity Error vs 
Reference Vpitage 



0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


Offset Error vs 
Reference Voltage 



0 12 3 4 5 

REFERENCE VOLTAGE (V) 


Supply Current vs Temperature 



-100 -50 0 50 100 150 

TEMPERATURE (®C) 


Reference Output Voltage vs 
Temperature 


2.515 

2.510 



V^=5V j 
'^REFOUT 





z: 


2.500 



7 



2,495 


Zj 

A 





Z 





—j 

□ 





-100 -50 0 50 100 150 

TEMPERATURE (®C) 


Logic Threshold vs 



-100 -50 0 50 100 150 

TEMPERATURE (®C) 


Output Current vs Temperature 



-100 -50 0 50 100 150 

TEMPERATURE (®C) 


TL/H/1 1149-11 
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Connection Diagram 


Dual-ln-Line and Wide-Body 
Small-Outline Packages 



TL/H/1 1149-14 


Ordering Information 


Industrial (-40°C ^ Ta ^ 85°C) 

Package 

ADC08161BIN, ADC08161CIN 
ADC08161BIWM, ADC08161CIWM 

N20A 

M20B 


Pin Description 

V|N This is the analog input. The input range is 

GND-50 mV ^ V|nput ^ V+ + 50 mV. 
DB0-DB7 TRI-STATE data outputs— bit 0 (LSB) through 
bit 7 (MSB). 


WR/RDY WR-RD Mode (Logic high applied to MODE 
pin) _ 

WR: With CS low,_the conversion is started on 
the rising edge of WR. The digital result will be 
strobed Into the output latch at the end of con- 
version (see Figures 2a, 2b, and 3). 

^ Mode (Logic low applied to MODE pin) 
RDY: This Is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and returns high at the end of con- 
version. 

MODE Mode: Mode (^ or WR-^) selection input- 
This pin is pulled to a logic low through an inter- 
nal 50 juA current sink when left unconnected. 
RD Mode is selected if the MODE pin is left 
unconnected or externally forced low. A c om- 
plete conversion is accomplished by pulling RD 
low until output data appears. 

WR-RD Mode is selected when a high is ap- 
plied to the MODE pin. A conversion starts with 
the WR signal’s rising edge and then using ^ 
to access the data. 

RD WR-RD Mode (logic high on the MODE pin) 

This is the active l^ Read input. With a logic 
low applied to the CS pin, the TRI-STATE d ata 
outputs (DB0-DB7) will be activated when ^ 
goes low (see Figures 2a, 2b and 3). 

RD Mode (logic low on the MODE pin) 
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Pin Description (Continued) 

With CS low, a conversion starts on the falling 
edge of RD. Output data appears on DBO-DB? 
at the end of conversion (see Figures / and 4). 

IRT This is an active low output that Indicates that a 

conversion is complete and the data is in the 
output latch. I NT is reset by the rising edge of 
RD. 

GND This is the power supply ground pin. The 
ground pin should be connected to a “clean” 
ground reference point. 

Vref- These are the reference voltage inputs. They 

Vref+ placed at any voltage between GND - 

50 mV and V+ + 50 mV, but Vref+ must be 
greater than Vref-- Ideally, an Input voltago 
equal to Vref- produces an output code of 0, 
and an Input voltage greater than Vref+ “ 
1.5 LSB produces an output code of 255. 

For the ADC08161 an input voltage that ex- 
ceeds V+ by more than 100 mV or Is below 
GND by more than 1 00 mV will create conver- 


OFL Overflow Ou tput. If the analog input is higher 
than Vref+ . OFL will be low at the end of con- 
version. it can be used when cascading two 
ADC08161S to achieve higher resolution (9 
bits). This output is always active and does not 
go i nto TRI-STATE as DB0-DB7 do. When 
OFL is set, all data outputs remain high when 
the ADC08061 ’s output data Is read. 

V+ Positive power supply voltage input. Nominal 

operating supply voltage Is +5V. The supply 
pin should be bypassed with a 1 0 juiF bead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 

Vrefqut The Internal bandgap reference’s 2.5V output 
is available on this pin. Use a 220 /xF bypass 
capacitor between this pin and analog ground. 


Vref+ 


slon errors. 

CS This is the active low Chip Select input. A logic 

low signal applied to this Input pin enables the 
RD and WR inputs. Interrially, the CS signal is 
ORed with RD and WR signals. 
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Application Information 

V|N 



1.0 FUNCTIONAL DESCRIPTION 

The ADC08161 performs an 8-bit analog-to-digital conver- 
sion using a multi-step flash technique. The first flash gener- 
ates the five most significant bits (MSBs) and the second 
flash generates the three least significant bits (LSBs). Fig- 
ure 5 shows the major functional blocks of the ADC08161 
multi-step flash converter. It consists of an over-encoded 
2y2-bit Voltage Estimator, an internal DAC with two different 
voltage spans, a 3-bit half-flash converter and a comparator 
multiplexer. 

The resistor string near the center of the block diagram in 
Figure 5 forms the internal main DAC. Each of the eight 
resistors at the bottom of the string Is equal to 1 /256 of the 
total string resistance. These resistors form the LSB Lad- 
der and have a voltage drop of 1 /256 of the total reference 
voltage (Vref+ ~ Vref-) across them. The remaining re- 
sistors make up the MSB Ladder. They are made up of 
eight groups of four resistors connected in series. Each 
MSB Ladder section has Vs of the total reference voltage 
across it. Within a given MSB Ladder section, each of the 
MSB resistors has 8/256, or of the total reference volt- 


age across it. Tap points are found between all of the resis- 
tors in both the MSB and LSB Ladders. Through the Com- 
parator Multiplexer these tap points can be connected, in 
groups of eight, to the eight comparators shown at the right 
of Figure 5. This function provides the necessary reference 
voltages to the comparators during each flash conversion. 
The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected between 
Vref+ and Vref- generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution A/D conversion to obtain an 
“estimate” of the Input voltage. This estimate is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six in the Voltage Estimator and 
eight in the flash converter, are needed to achieve the full 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 

A conversion begins with the Voltage Estimator comparing 
the analog input signal against the six tap voltages on the 
estimator DAC. The estimator decoder then selects one of 
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Application Information (Continued) 

the groups of tap points along the MSB Ladder. These eight 
tap points are then connected to the eight flash compara- 
tors. For example, if the analog input signal applied to V|n is 
between 0 and Yie of Vref (Vref = Vref+ - Vref-). the 
estimator decoder instructs the comparator multiplexer to 
select the eight tap points between 8/256 and 2/8 of Vref 
and connects them to the eight flash comparators. The first 
flash conversion is now performed, producing the five MSBs 
of data. 

The remaining three LSBs are generated next using the 
same eight comparators that were used for the first flash 
conversion. As determined by the results of the MSB flash, 
a voltage from the MSB Ladder equivalent to the magnitude 
of the five MSBs is subtracted from the analog input voltage 
as the upper switch Is moved from position one to position 
two. The resulting remainder voltage is applied to the eight 
flash comparators and, with the lower switch in position two, 
compared with the eight tap points from the LSB Ladder. 
By using the same eight comparators for both flash conver- 
sions, the number of comparators needed by the multi-step 
converter is significantly reduced when compared to stan- 
dard half-flash techniques. 

Voltage Estimator errors as large as Vie of Vref (16 LSBs) 
will be corrected since the flash comparators are connected 
to ladder voltages that extend beyond the range specified 
by the Voltage Estimator. For example. If yie Vref < V|n < 
®/i6 Vref Ihe Voltage Estimator’s comparators tied to the 
tap points below Yie Vref will output “1 ”s (0001 11). This is 
decoded by the estimator decoder to “10”. The eight flash 
comparators will be placed at the MSB Ladder tap points 
between Ye Vref and Ya Vref- The overlap of Vie Vref on 
each side of the Voltage Estimator’s span will automatically 
correct an error of up to 16 LSBs (16 LSBs = 312.5 mV for 
Vref = 6V). If the first flash conversion determines that the 
input voltage is between Ya Vref and Ya Vref “ LSB/2, 
the Voltage Estimator’s output code will be corrected by 
subtracting “1”. This results in a corrected value of "01”. If 
the first flash conversion determines that the input voltage Is 
between Yie Vref “ LSB/2 and % Vref. the Voltage Esti- 
mator’s output code remains unchanged. 

After correction, the 2-blt data from both the Voltage Esti- 
mator and the first flash conversion are decoded to produce 
the five MSBs. Decoding is similar to that of a 5-bit flash 
converter since there are 32 tap points on the MSB Ladder. 
However, 31 comparators are not needed since the Voltage 
Estimator places the eight comparators along the MSB Lad- 
der where reference tap voltages are present that fall above 
and below the magnitude of V|n. Comparators are not need- 
ed outside this selected range. If a comparator’s output is a 
“0”, ail comparators above it will also have outputs of “0” 
and If a comparator’s output is a “1”, all comparators below 
it will also have outputs of “1”. 

2.0 DIGITAL INTERFACE 

The ADC08161 has two basic interface modes which are 
selected by connecting the MODE pin to a logic high or low. 

2.1 RD Mode 

With a logic low applied to the MODE pin, the converter is 
set to Read mode. In this configuration (see Figure 1), a 
complete conversion is done by pulling RD low, and holding 
low, until the conversion is complete and output data ap- 
pears. This typically takes 655 ns. The InT (interrupt) line 
goes low at the end of conversion. A typical delay of 50 ns is 


needed between the rising edge of CS (after the end of a 
conversion) and the start of the next conversion (by pulling 
RD low). The RDY output goes low after the falling edge of 
C§ and goes high at the end-of-conversion. It can be used 
to signal a processor that the converter is busy or serve as a 
system Transfer Acknowledge signal. 

2.2 RD Mode Pipelined Operation 

Applications that require shorter TO pulse widths than those 
used in the Read mode as described above can be 
achieved by setting RD’s width between 200 ns-400 ns 
(Figure 4). RD pulse widths outside this range will create 
conversion linearity errors. These errors are caused by exer- 
clsing internal Interface logic circuitry using CS and/or RD 
during a conversion. 

When TO goes low, a conversion is initiated and the data 
from the previous conversion Is available on the DB0-DB7 
outputs. Reading DB0-DB7 for the first two times after pow- 
er-up produces random data. The data will be valid during 
the third RD pulse that occurs after the first conversion. 

2.3 WR-RD (WR then RD) Mode 

The ADC08161 is In the WR-RD mode with the MODE pin 
tied high. A conversion starts on the rising edge of the WR 
signal. There are two options for reading the output data 
which relate to interface timing. If an interrupt-driven 
scheme Is desired, the user can wait for the InT output to go 
low before reading the conversion result (see Figure 2b ). 
Typically, INT will go low 690 ns, maximum, after WR’s ris- 
ing edge. However, if a shorter conversion time Is desired, 
the processor need not wait for InT and can exercise a read 
afte r only 350 ns (see Figure 2a ). If RD is pulled low before 
INT goes low, INT will Immediately go low and data will ap- 
pear at the outputs. This is the fastest operating mode (tRp 
^ 1 |NTl) with a conversion time, including data access time, 
of 560 ns. Allowing 1 00 ns for reading the conversion data 
and the delay between conversions gives a total throughput 
time of 660 ns (throughput rate of 1.5 MHz). , 

2.4 WR-RD Mode with Reduced Interface System 
Connection 

^ and ® can be tied low, using only WR to control the 
start of conversion for applications that req uire reduced digi- 
tal Interface while operating In the WR-RD mode (Figure 3). 
Data will be valid approximately 705 ns following WR’s ris- 
ing edge. 
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Application Information (Continued) 

3.0 REFERENCE INPUTS 

The ADC081 61 ’s two Vref inputs are fully differential and 
define the zero to full-scale input range of the A to D con- 
verter. This allows the designer to vary the span of the ana- 
log Input since this range will be equivalent to the voltage 
difference between Vref+ and Vref-- Transducers that 
have outputs that minimum output voltages above GND can 
also be compensated by connecting Vref- to a voltage 
that is equal to this minimum voltage. By reducing Vref 
(Vref = Vref+ - Vref-) to less than 5V, the sensitivity of 
the converter can be Increased (I.e., if Vref = 2.5V, then 1 
LSB = 9.8 mV). The reference arrangement also facilitates 
ratiometric operation and in may cases the power supply 
can be used for transducer power as well as the Vref 
source. Ratiometric operation is achieved by connecting 
Vref- to GND and connecting Vref+ and a transducer’s 
power supply input to V+. The ADC08161S accuracy de- 
grades when Vref+ -|Vref-I 's less than 2.0V. 

The voltage at Vref- sets the input level that produces a 
digital output of all zeroes. Through V(n is not Itself differen- 
tial, the reference design affords nearly differential-input ca- 
pability for some measurement applications. Figure 6 shows 
one possible differential configuration. 

It should be noted that, while the two Vref inputs are fully 
differential, the digital output will be zero for any analog in- 
put voltage if Vref- ^ Vref-i-- 

4.0 ANALOG INPUT AND SOURCE IMPEDANCE 

The ADC08161’s analog input circuitry includes an analog 
switch with an “on” resistance of 70ft and a 1.4 pF capaci- 
tor (see Figure 6). The switch is clo sed during the A/D’s 
input sig nal acquisition time (while WR is low when using the 
WR-RD Mode). A small transient current flows into the Input 
pin each time the switch closes. A transient voltage, whose 
magnitude can Increase as the source impedance increas- 
es, may be present at the Input. So long as the source im- 
pedance Is less than 500ft, the input voltage transient will 
not cause errors and need not be filtered. 

Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy is to be 
achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp’s output during the sampling 
period can result in conversion errors. 

Some suggested Input configurations using the internal 2.5V 
reference, an external reference, and adjusting the input 
span are shown in Figure 7. 

Correct conversion results will be obtained for input volt- 
ages greater than GND - 100 mV and less than V+ + 
100 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than V+, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to 5 mA or less to avoid 


permanent damage to the 1C If an analog input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal Is 
expected to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 8. 

5.0 INHERENT SAMPLE-AND-HOLD 

An important benefit of the ADC081 61 ’s Input architecture is 
the inherent sample-and-hold (S/H) and Its ability to mea- 
sure relatively high speed signals without the help of an 
external S/H. In a non-sampling converter, regardless of its 
speed, the Input must remain stable to at least LSB 
throughout the conversion process if full accuracy is to be 
maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary dur- 
ing the conversion. 

The ADC08161 Is suitable for DSP-based systems because 
of the direct control of the S/H through the WR signal. The 
WR input signal allows the A/D to be synchronized to a DSP 
system’s sampling rate or to other ADC081 61 s. 

The ADC08161 can perform accurate conversions of full- 
scale input signals at frequencies from DC to more than 300 
kHz (full power bandwidth) without the need of an external 
sample-and-hold (S/H). 

6.0 INTERNAL BANDGAP REFERENCE 

The ADC081 61 has an internal bandgap 2.5V reference that 
can be used as the Vref+ input. A parallel combination of 
a 0.1 ju,F ceramic capacitor and a 220 /xF tantalum capacitor 
should be used to bypass the Vrefout pin. This reduces 
possible noise pickup that could cause conversion errors. 

7.0 LAYOUT, GROUNDS, AND BYPASSING 

In order to ensure fast, accurate conversions from the 
ADC08161, it is necessary to use appropriate circuit board 
layout techniques. Ideally, the analog-to-digital converter’s 
ground reference should be low impedance and free of 
noise from other parts of the system. Digital circuits can 
produce a great deal of noise on their ground returns and, 
therefore, should have their own separate ground lines. 
Best performance Is obtained using separate ground planes 
should be provided for the digital and analog parts of the 
system. 

The analog Inputs should be isolated from noisy signal 
traces to avoid having spurious signals couple to the input. 
Any external component (e.g., an input filter capacitor) con- 
nected across the inputs should be returned to a very clean 
ground point. Incorrectly grounding the ADC08161 may re- 
sult in reduced conversion accuracy. 

The V+ supply pin, VREF-f-. and Vref- (if not grounded) 
should be bypassed with a parallel combination of a 0.1 /xF 
ceramic capacitor and a 1 0 jxF tantalum capacitor placed as 
close as possible to the pins using short circuit board 
traces. See Figures 7 and 8. 
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Application Information (Continued) 



TL/H/1 1149-18 


internal Reference 2.5V Full-Scale 
(Standard Application) 


VfN(+) O 

VlN 

''iN(-) 0 y — 

GND 

1 _L " T 

O.I/^Fzjz zj=220 /xF|^ 

'^REFOUT 

''ref+ 

'^REF- 




TL/H/1 1149-19 


Power Supply as Reference 



Input Not Referred to GND 



Note: Bypass capacitors consist of a 0.1 juiF ceramic in parallel with a 10 ju,F bead tantalum, unless othenvise specified. 


‘Signal source driving V|n(-) must be capable of 
sinking 5 mA. 


FIGURE 7. Analog Input Options 



TL/H/1 11 49-22 

FIGURE 8. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. Vref- 
should be bypassed to analog ground using multiple capacitors if it is not grounded (See Section 7.0 “LAYOUT, 
GROUNDS, and BYPASSING”). V|ni is shown with an optional input protection network. 
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National Semiconductor 


ADC 1001 10-Bit jLtP Compatible A/D Converter 

General Description 

The ADC1001 is a CMOS, 10-bit successive approximation 
A/D converter. The 20-pin ADC1001 is pin compatible with 
the ADC0801 8-bit A/D family. The 10-bit data word is read 
in two 8-bit bytes, formatted left justified and high byte first. 

The six least significant bits of the second byte are set to 
zero, as Is proper for a 1 6-bit word. 

Differential inputs provide low frequency input common 
mode rejection and allow offsetting the analog range of the 
converter. In addition, the reference input can be adjusted 
enabling the conversion of reduced analog ranges with 1 0- 
bit resolution. 

Features 

■ ADC1001 is pin compatible with ADC0801 series 8-bit 
A/D converters 

■ Compatible with NSC800 and 8080 fiP derivatives— no 
Interfacing logic needed 


■ Easily interfaced to 6800 julP derivatives with minimal 
external logic 

■ Differential analog voltage inputs 

■ Logic inputs and outputs meet both MOS and TTL volt- 
age level specifications 

■ Works with 2.5V (LM336) voltage reference 

■ On-chip clock generator 

■ OV to 5V analog input voltage range with single 5V sup- 
ply 

■ Operates ratiometrically or with 5 Vdc. 2.5 Vdc. or ana- 
log span adjusted voltage reference 

■ 0.3" standard width 20-pin DIP package 

Key Specifications 

■ Resolution 10 bits 

■ Linearity error ± 1 LSB 

■ Conversion time 200jaS 



Connection Diagram 

ADC1001 (for an 8-bit data bus) 
Dual-ln-Line Package 



1 

O' 

20 

— Vcc(0R Vrep) 


2 

19 

-CLK R 



3 

18 

- BIT 2 

0 

CLK IN- 

4 

17 

— BIT 3 

0 

iNTR- 

5 

16 

- BIT 4 

0 

V|n(+)- 

6 

15 

- BIT 5 

0 

V|n(-)- 

7 

14 

- BIT 6 

0 

A GND- 

8 

13 

- BIT 7 

0 

VREf/2- 

9 

12 

- BIT 8 

BIT O(LSB) 

D GND- 

10 

11 

- (MSB) BIT 9 

BIT 1 


— 


I^BrTE 

2 ^ BYTE 


Top View 


TL/H/5675-11 


Ordering Information 


Temperature Range 

0"Cto +70^C 

-40“Cto +85“C 

Order Number 

ADC1001CCJ-1 

ADC1001CCJ 

Package Outline 

J20A 

J20A 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Logic Control Inputs -0.3V to + 18V 

Voltage at Other Inputs and Outputs -0.3V to (Vcc+ 0-3V) 
Storage Temperature Range -65°C to + 1 50“C 

Package Dissipation at Ta = 25°C 875 mW 

Lead T emp. (Soldering, 1 0 seconds) 300‘*C 

ESD Susceptibility (Note 1 0) 800V 


Converter Characteristics 

Converter Specifications: Vcc=5 Vdc. Vref/2= 2.500 Vdc. Tmin^TA^Tmax and fcLK=410 kHz unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Linearity Error 




±1 

LSB 

Zero Error 




±2 

LSB j 

Full-Scale Error 




±2 

LSB 

Total Ladder Resistance (Note 9) 

Input Resistance at Pin 9 

2.2 

4.8 


Ka 

Analog Input Voltage Range 

(Note 4) V( + )orV(-) 

GND-0.05 


Vcc + 0:05 

Vdc 

DC Common-Mode Error 

Over Analog Input Voltage Range 


iVa 


LSB 

Power Supply Sensitivity 

Vcc=5VDC±5%Over 

Allowed V|n(+) and VjN(-) 

Voltage Range (Note 4) 


iVa 


LSB 


AC Electrical Characteristics 

Timing Specifications: Vcc=5 Vdc and Ta= 25°C unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tc 

Conversion Time 

(Note 5) 
fcLK~410 kHz 

80 

195 


90 

220 

1/fCLK 

flS 

^CLK 

Clock Frequency 

(Note 8) 

100 


1260 

kHz 


Clock Duty Cycle 


40 


60 

% 

CR 

Conversion Rate In Free-Running 
Mode 

INTR tied to WR with 
^=0VDC.fCLK = 410kHz 



4600 

conv/s 

tW(WR)L 

Width of WR Input (Start Pulse 
Width) 

^=0Vdc (Note 6) 

150 



ns 

Ucc 

Access Time (Delay from 

Falling Edge of RD to Output 

Data Valid) 

Cl=100pF 


170 

300 

ns 

tiH. tOH 

TRI-STATE® Control (Delay 
from Rising Edge of TO to 

Hi-Z State) 

Cl=10pF, RL=10k 
(See TRI-STATE Test 

Circuits) 

■ 

125 

200 

ns 

tWI. tRi 

Delay from Falling Edge 
of WR or ^ to Reset of TnTR 






hrs 

INTR to 1 St Read Set-Up Time 


550 

400 



C|N 

Input Capacitance of Logic 

Control Inputs 



5 

m 


Gout 

TRI-STATE Output 

Capacitance (Data Buffers) 




m 

PF 


Operating Conditions (Notes 1 & 2) 

Temperature Range , Tmin ^Ta^Tmax 

ADC1001CCJ -40°C^Ta^ +85‘’C 

ADC1001CCJ-1 O^C^Ta^ +70°C 

Range of Vcc 4.5 Vpc fo 6.3 Vpc 
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DC Electrical Characteristics 





The following specifications apply for Vcc = 5 Vdc and Tmin^Ta^ Tmax. unless othenA/ise specified. 



Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS [Note: CLK IN is the input of a Schmitt trigger circuit and is therefore specified separately] 

ViN (1) 

Logical “1” Input Voltage 
(Except CLK IN) 

Vcc = 5.25 Vdc 

2.0 


15 

Vdc 

V|N (0) 

Logical “0” Input Voltage 
(Except CLK IN) 

Vcc = 4.75 Vdc 



0.8 

Vdc 

Iin(1) 

Logical “1 ” Input Current 
(All Inputs) 

V|n=5 Vdc 


0.005 

1 

f^Aoc 

l|N (0) 

Logical "0” input Current 
(All Inputs) 

V|N=o Vdc 

-1 

-0.005 


/aAdc 

CLOCK IN 

Vt + 

CLK IN Positive Going 
Threshold Voltage 


2.7 

3.1 

3.5 

Vdc 

Vt- 

CLK IN Negative Going 
Threshold Voltage 


1.5 

1.8 

2.1 

Vdc 

Vh 

CLK IN Hysteresis 
(Vt + )-(Vt-) 


0.6 

1.3 

2.0 

Vdc 

OUTPUTS AND INTR 

VoUT(O) 

Logical “0” Output Voltage 

•out = ■• -5 mA, Vcc = 4.75 Vdc 



0.4 

Vdc 

Vout(1) 

Logical “1” Output Voltage 

lo=-360 jllA, Vcc=4.75Vdc 
io = — 10 jllA, Vcc =4.75 Vdc 

2.4 

4.5 



Vdc 

Vdc 

■out 

TRI-STATE Disabled Output 
Leakage (All Data Buffers) 

Vout=o.4 Vdc 

Vout=5 Vdc 


0.1 

0.1 

-100 

3 

o o 

D Q 
< < 

ISOURCE 


Vqut Short to GND, Ta = 25°C 

4.5 

6 


ITIAdc 

•sink 


Vqut Short to Vcc> Ta= 25°C 

9.0 

16 


ptiAdc 

POWER SUPPLY 

•cc 

Supply Current (Includes 
Ladder Current) 

fCLK=410kHz, 

Vref/2 = NC,Ta= 25“C 
and CS=1 


2.5 

5.0 

mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. The separate A GND point should always be wired to the D GND. 

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vqc. 

Note 4: For V|n(-)S: V|n( + ) the digital output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will fonvard 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near fullscale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vqc to 5 Vdc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature 
variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 1. 

Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for Ta = 25‘’C. 

Note 8: Accuracy is guaranteed at fcLK^^IO kHz. At higher clock frequencies accuracy can degrade. 

Note 9: The Vref/ 2 P'n 'S the center point of a two resistor divider (each resistor is 2.4kn) connected from Vcc to ground. Total ladder input resistance is the sum 
of these two equal resistors. 

Note 10: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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? Typical Performance Characteristics 
o 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.S0 4.75 5.00 5.25 5.50 

Vcc- SUPPLY VOLTAGE (Voc) 


Delay From Falling Edge of 
RD to Output Data Valid 
vs Load Capacitance 


I 







55 


















IHV! 









mzM 


















HUH 









IB Hi 









HHi 









^iHI 









IB Hi 









IB Hi 









IB Hi 









Hi IB 









Hi Hi 









Hi Hi 



0 200 400 600 800 

LOAD CAPACITANCE (pF) 


CLK IN Schmitt Trip Levels 
vs Supply Voltage 



4.50 4.75 5.00 5.25 5.50 

Vcc -SUPPLY VOLTAGE (Vdc) 


Output Current vs 
Temperature 



-50 -25 8 25 SO 75 100 125 

Ta - AMBIENT TEMPERATURE (°C) 


TRI-STATE Test Circuits and Waveforms 



«1H 



Vcc 




X 



Vcc 

rn. 


- ^ OATA 

RD J 

M 


T OUTPUT 

GND 


Ci ~^ lOk^ 


*0H 

Vcc Vcc 


tr=20 ns 

tOH» Cl=10pF 
Vcc 
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Timing Diagrams 


START 

CONVERSION 

^ \ f 



Output Enable and Reset INTR 



Note; All timing is measured from the 50% voltage points. 
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BYTE SEQUENCING FOR THE 20-PIN ADC1001 


Byte 

Order 

8-Bit Data Bus Connection 

DB7 

DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

1st 

MSB 
Bit 9 

Bits 

Bit? 

Bite 

Bits 

Bit 4 

Bits 

Bits 

2nd 

Biti 

LSB 

BitO 

0 

0 

0 

0 

0 

0 




ADC1001 


Functional Description 

The ADC1001 uses an advanced potentiometric resistive 
ladder network. The analog inputs, as well as the taps of 
this ladder network, are switched into a weighted capacitor 
array. The output of this capacitor array is the input to a 
sampled data comparator. This comparator allows the suc- 
cessive approximation logic to match the analog difference 
input voltage [V|n(+)-V|n(-)] to taps on the R network. 
The most significant bit is tested first and after 10 compari- 
sons (80 clock cycles) a digital 10-bit binary code (all 
“1”s= full-scale) is transf erred to an output latch and then 
an interrupt is asserted (INTR makes a high-to-low tran- 
sition). The device may b e operated In the free-running 
mode by connecting INTR to the WR inut with CS=0. To 
ensure start-up under all possible conditions, an external 
WR pulse is required during the first power-up cycle. A con- 
version in process can be interrupted by issuing a second 
start command. 

On the high-to-lqw transition of the WR input the internal 
SAR latches and the shif t register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these inputs makes a iow-to- 
high transition. 

A functional diagram of the A/D converter is shown In Fig- 
ure 1. All of the inputs and outputs are shown and the major 
logic control paths are drawn In heavier weight lines. 

The conversion is initialized by taking CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this “1” to the Q output of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 10-bit shift register then can have the “1” 



TL/H/5675-9 

NOTE: V|n(-) should be biased so 
that V|n(-)^ -0.0‘^V when potentiometer 
wiper is set at most negative , ; 

voltage position. 

FIGURE 2. Zero Adjust Circuit 


clocked in, which allows the conversion process to contin- 
ue. If the set signal were to still be present, this reset pulse 
would have no effect and the 10-bit shift register would con- 
tinue to be h^ in the reset mode. This logic therefore al- 
lows for wide CS and WR signals and the converter will start 
after at least one of these signals returns high and the inter- 
nal clocks again provide a reset signal for the start F/F. 
After the “1” is clocked through the 10-bit shift register 
(which completes the SAR search) It causes the new digital 
word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-low transition the one 
shot fires, s etting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
aproximately 400 ns. If the data outpu t is co ntinuously en- 
abled (CS and RD both held low), the INTR output will still 
signal the end of t he c onversion (by a high-to-low tran- 
sition), because the SET input can control the Q output of 
the INTR F/F ev en tho ugh the RESET input is constantly at 
a “1” level. Thi s INT R output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 

Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. V|n(+) is 
forced to +2.5 mV {+V 2 LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 0000 
0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the Vref/ 2 
input. With V|n (+) forced to the desired full-scale voltage 
less V /2 LSBs (VFs-iy 2 LSBs), Vref/ 2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 
1111 1111. 



FIGURE 3. Full-Scale Adjust 
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Typical Application 



TL/H/5675-1 


Block Diagram 



Note 1: CS shown twice for clarity. TL/H/5675-1 3 

Note 2: SAR= Successive Approximation Register. FIGURE 1 
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National Semiconductor 


ADC1005 10>Bit juiP Compatible A/D Converter 


General Description 

The ADC1 005 is a CMOS 1 0-bit successive approximation 
A/D converter. The 20-pin ADC1 005 outputs 1 0-bit data in a 
two-byte format for interface with 8-bit microprocessors. 
The ADC1005 has differential inputs to permit rejection of 
common-mode signals, allow the analog input range to be 
offset, and also to permit the conversion of signals not re- 
ferred to ground. In addition, the reference voltage can be 
adjusted, allowing smaller voltage spans to be measured 
with 10-bit resolution. 

Features 

■ Easy interface to all microprocessors 

■ Differential analog voltage inputs 


■ Operates ratiometrically or with 5 Vqc voltage refer- 
ence or analog span adjusted voltage reference 

■ OV to 5V analog input voltage range with single 
5V supply 

■ On-chip clock generator 

■ TLL/MOS input/output compatible 

■ 0.3" standard width 20-pin DIP 

■ Available in 20-pin molded chip carrier 
package 

Key Specifications 

■ Resolution 10 bits 

■ Linearity Error ± Y 2 LSB and ± 1 LSB 

■ Conversion Time 50 jms 


Connection Diagrams 


ADC 1005 (for an 8-bit data bus) 
Dual-in-Line Package 


ADC1005 Molded Chip Carrier Package 



poop 


m m m m m 



TL/H/5261-19 


Top View 


Top View 


TL/H/5261-1 

See Ordering Information 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 6.5V 

Logic Control Inputs -0.3V to + 15V 

Voltage at Other Inputs and Outputs -0.3V to Vcc + 6-6V 
Input Current Per Pin ± 5 mA 

Input Current Per Package ± 20 mA 

Storage T emperature Range - 65°C to + 1 50“C 

Package Dissipation at Ta= 25®C 875 mW 

Lead Temperature 
(Soldering, 10 seconds) 

Dual-ln-Line Package (Ceramic) OOO^C 

Surface Mount Package 

Vapor Phase (60 seconds) 21 S^C 

Infrared (1 5 seconds) 220‘’C 

ESD Susceptibility (Note 8) 800V 


Eiectricai Characteristics The following specifications apply for Vcp = 5V, Vref = 5V, fcLK =1-8 MHz 
unless otherwise specified. Boldface limits apply from Tmin to All other limits Ta = Tj = 25'’C. 






ADC1005BCJ 


ADC1005BCJ-1, ADC1005CCJ-1 






ADC1005CCJ 



ADC1005CCV 

Limit 

Units 

Parameter 


Conditions 

Typ 

(Note 5) 

Tested 

Design 

Typ 

(Notes) 

Tested 

Design 




Limit 
(Note 6) 

Limit 
(Note 7) 

Limit 
(Note 6) 

Limit 
(Note 7) 

Converter Characteristics | 

Linearity Error (Note 3) 
ADC1005BCJ 




±0.5 





LSB 

ADC1005BCJ-1 







±0.5 

±0.5 

LSB 

ADC1005CCJ 




±1 





LSB 

ADC1005CCJ-1,CCV 







±1 

±1 

LSB 

Zero Error 

ADC1005BCJ 




±0.5 





LSB 

ADC1005BCJ-1 







±0.5 

±0.5 

LSB 

ADC1005CCJ 




±1 





LSB 

ADC1005CCJ-1,CCV 







±1 

±1 

LSB 

Fullscale Error 
ADC1005BCJ 



■■ 

±0.5 





LSB 

ADC1005BCJ-1 







±0.5 

±0.5 

LSB 

ADC1005CCJ 




±1 





LSB 

ADC1005CCJ-1,CCV 







±1 

±1 

LSB 

Reference 

MIN 


4.8 

2.2 


4.8 

2.4 

2.2 

kn 

Input 

Resistance 

MAX 


4.8 

8.3 


4.8 

7.6 

8.3 

kn 

Common-Mode 

MIN 

V|N(+)orV|N(-) 


Vcc +0.05 



Vcc +0.05 

Vcc + 0.05 

V 

Input (Note 4) 

MAX 


GND-0.05 



GND-0.05 

GND-0.05 

V 

DC Common-Mode 

Error 

Over Common-Mode 
Input Range 


±% 


±y8 


±74 


Power Supply Sensitivity 

Vcc=5Vdc±5% 
Vref = 4.75V 

iVa 

±% 


iVa 

±y4 

±74 

LSB 


Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 4.5V to 6.0V 

Temperature Range Tmn^Ta^Tmax 

ADC1 005BCJ, ADC1 005CCJ - 40"C ^ Ta ^ + 85°C 

ADC1005BCJ-1, ADC1005CCJ-1, 

ADC1005CCV O-’C^TA^yO^’C 
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ADC1005 


El6CtriCdl Chdrdct6ristics (continued) The following specifications apply for Vcc = 5V, Vref = 5V, fcLK = 

1 ,8 MHz unless otherwise specified. Boldface limits apply from Tmin to Tmax! All other limits Ta = Tj = 25“C. 

Parameter 

Conditions 

ADC1005BCJ 

ADC1005CCJ 



Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

DC Characteristics I 

V|N(1) Logical “1” Input 

Voltage MIN 

Vcc= 5.25 V 
(except CLKin ) 





2.0 

1^91 

m 

V|N(0). Logical “0” Input 

Voltage MAX 

Vcc= 4.75V 
(Except CLKin ) 


0.8 



0.8 

0.8 

V 

I|N, Logical “1” Input 

Current MAX 

V|n = 5.0V 

0.005 

1 



1 

1 

jttA 

I|IM, Logical “0” Input 

Current MAX 


IIIQQ 

-1 



-1 

-1 

fiA 

Vt+(min). Minimum CLKin 
P ositive going Threshold 

Voltage 


D 

B 


D 

B 

B 

V 

Vt(maX)« Maximum CLKin 
P ositive going Threshold 

Voltage 


B 



D 


Qj 

V 

Vj— (MiN), Minimum CLK|n 
N egative going Threshold 
Voltage 


B 

B 


D 

B 

Q 

V 

Vt-(max)« Maximurn CLKin 
N egative going Threshold 
Voltage 


B 

B 


B 

2.1 

B 

V 

Vh(miN)» Minimum CLK|n 
H ysteresis (Vj + - Vj - ) 



0.6 



0.6 

m 

V 

Vh(MAX). Maximum CLK|n 
H ysteresis (Vt+-Vt-) 


1.3 



1.3 

2.0 


V 

VoUT(i). Logical “1” 

Output Voltage MIN 

Vcc = 4.75 V 
•0UT“ ~360 jliA 
l0UT= — 10 |ulA 






B 

V 

V 

Vqut(O). Logical “0” 

Output Voltage MAX 

Vcc = 4.75V 
•out =1-5 mA 






m 

V 

louT> TRI-STATE Output 

Current MAX 

> > 
o in 

II II 

-0.01 
, 0.01 





m 

jaA 

jLtA 

IsoURCE. Output Source 

Current MIN 

VoUT=0V 

-14 

-6.5 


-14 

-7.5 

IS 

mA 

IsiNKi Output Sink 

Current MIN 

VouT=5V 

16 

8.0 


16 

9.0 

8.0 

mA 

Ice. Supply Current 

MAX 

fCLK~^-5 MHz 
CS = “1” 

1,5 . 

3 


1.5 

2.5 

3 

mA 

AC El6CtriC3l Ch3r3Ct6riStiCS The following specifications apply for ycc = 5V, Vref = 5V, tp = tf = 20 ns 

unless otherwise specified. Boldface limits appiy from Tmin to TmaxI All other limits Ta = Tj = 25‘’C. 

Parameter 

Conditions 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 

Limit 
(Note 7) 

Limit 

Units 

fcLK. Clock FrequencyMIN 

MAX 



0.2 

2.6 

0.2 

2.6 

MHz 

MHz 

Clock Duty Cycle MIN 

MAX 



40 

60 

40 

60 

% 

% 
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AC Electrical Characteristics The following specifications apply for Vcc = 5V, Vref = 5V, tr = tf = 20 ns 
unless otherwise specified. Boldface limits apply from T^in TmaXi All other limits Ta = Tj = 25°C. (Continued) 


Parameter 

Conditions 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 

Limit 

(Note?) 

Limit 

Units 

tc, Conversion Time MIN 



80 

80 


MAX 



90 

90 


MIN 

fCLK~ 1-8 MHz 


45 

45 


MAX 

^CLK=1-8 MHz 


50 

50 



cs=o 

100 

150 

150 

ns 


cs=o 

Cl= 100 pF, Rl = 2k 



300 

ns 





200 

■ai 




230 

230 

■ai 

twi. ^Ri. Delay from Falling Edge of 

WR or RD to Reset of INTR 


300 

450 

450 

ns 

t|Rs, INTR to 1st Read Set-up Time 


400 

550 

550 

ns 

C|N, Capacitance of Logic Inputs 


5 


7.5 

pF 

Cqut. Capacitance of Logic Outputs 


5 


7.5 

pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through the end points of the transfer 
characteristic. 

Note 4: For V|N(-)^ V||^J(+) the digital output code will be 00 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vqc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature variations, initial tolerance 
and loading. 

Note 5: Typicals are at 25‘’C and represent most likely parametric norm. 

Note 6: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Functional Diagram 



A6N0 Vref OGND Vcc 


TL/H/5261-3 
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LOGIC INPUT THRESHOLD VOLTAGE (V) 


Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.S0 4.75 5.00 5.25 S.SO 

Vcc- SUPPLY VOLTAGE (Voc) 


Delay from Falling Edge of 
RD to Output Data Valid vs 



0 200 400 600 800 1000 

LOAD CAPACITANCE (pF) 


CLK IN Schmitt Trip Levels 



4.50 4.75 5.00 5.25 5.50 

Vcc -SUPPLY VOLTAGE (Vpc) 


Output Current vs 
Temperature 



-so -25 0 , 25 so 75 100 125 

. Ta - AMBIENT TEMPERATURE (“0 


Typical Linearity Error 
vs Clock Frequency 



TL/H/5261-4 


Timing Diagrams 

Start Conversion 


V. 


J 

[-tW{WR)L 

(LAST DATA WAS READ) ^1— ► 

J 

ti. 

t 

\ 


(LAST DATA WAS NOT READ) } 

? — V 


TL/H/5261-5 


Output Enable and Reset INTR 



Note: All timing is measured from the 50% voitage points. 


TL/H/5261-6 







Timing Diagrams (Continued) 


Byte Sequencing for ADC1005 


Byte 

Order 

8-Bit Data Bus Connection 

DB7 

DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

1st 

MSB 

Bit 9 

Bite 

Bit? 

Bite 

Bits 

Bit 4 

Bit 3 

Bit 2 

2nd 

Biti 

LSB 

BitO 

0 

0 

0 

0 

0 

0 


Block Diagram 



Note 1: shown twice for clarity. 

Note 2: SAR= Successive Approximation Register. 


“1"- OUTPUT ENABLE 

FIGURE 1. 
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Functional Description 

1.0 GENERAL OPERATION 

A block diagram of the A/D converter is shown in Figure 1 
All of the inputs and outputs are shown and the major logic 
control paths are drawn in heavier weight lines. 

1.1 Converter Operation 

The ADC1005 uses an advanced potentiometric resistive 
ladder network. The analog inputs, as well as the taps of 
this ladder network are switched into a weighted capacitor 
array. The output of this capacitor array is the input to a 
sampled data comparator. This comparator allows the suc- 
cessive approximation logic to match the analog input volt- 
age [V|n(+) - V|n(-)] to taps on the R network. The most 
significant bit is tested first and after 10 comparisons (80 
clock cycles) a digital 10-bit binary code (all “1”s = full- 
scale) is transferred to an output latch. 

1.2 Starting a Conversion 

The conversion is initialized by taking ^ and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 10-bit shift register, resets the inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this “1” to the Q ouput of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 10-bit shift register then can have the “1” 
clocked In, allowing the conversion process to continue. If 
the set signal were still present, this reset pulse would have 
no effect and the 10-blt shift register would continue to be 
held in the reset mode. This logic therefore allows for wide 
and WR signals. The converter will start after at least 
one of these signals returns high and the Internal clocks 
again provide a reset signal for the start F/F. 

To summarize, on the high-to-low transition of the WR input 
the internal SAR latches and the shift register stages are 
reset. As long as the CS Input and WR input remain low, the 
A/D will remain in a reset state. Conversion will start after at 
least one of these inputs makes a low-to-high transition. 

1.3 Output Control 

After the “1” is clocked through the 10-blt shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When the 
XFER signal makes a hIgh-to-low transition the one shot 
fire s, sett ing the INTR F/F. An inverting buffer then supplies 
the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
approximately 400 ns. If the data outp ut is c ontinuously en- 
abled (CS and RD both held low) the INTR output will still 
signal the end of the conv ersion (by a high-to-low tran- 
sition). This Is because the SET Input can control the Q 
output of the INTR F/F even t hough the RESET Input is 
constantly at a “1” level. This INT R output will therefore 
stay low for the duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 


1.4 Free-Running and Self-Clocking Modes 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to ensure circuit opera- 
tion . In this application, the CS input is grounded an d the 
WR Input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
powef-up cycle to ensure start up. 

The clock for the A/D can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
CLK IN makes use of a Schmitt trigger as shown in Figure 2. 



CLKR 






rI 

] 

[CLK IN 


N^CLK 

j 

[■ 


T 

A/0 



TL/H/5261-12 

“ 1.1 RC 

FIGURE 2. Self-Clocking the A/D 
2.0 REFERENCE VOLTAGE 

The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between V|n(max) and V|n(min)) over which the 1024 
possible output codes apply. The devices can be used in 
either ratlometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 4.8 kft. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratlometric system {Figure 3a) the analog input voltage 
Is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system references as the ana- 
log input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 3b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be small 
to allow direct conversions of transducer outputs providing 
less than a 5V output span. Particular care must be taken 
with regard to noise pickup, circuit layout, and system error 
voltage sources when operating with a reduced span due to 
the increased sensitivity of the converter (1 LSB equals 
Vref/1024). 
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Functional Description (Continued) 



FIGURE 3a. Ratiometric 


TL/H/5261-17 


5V 



FIGURE 3b. Absolute with a Reduced Span 


3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

The differential inputs of these converters reduce the ef- 
fects of common-mode input noise, which is defined as 
noise common to both selected “ + ” and inputs (60 Hz 
is most typical). The time interval between sampling the 
" + ” input and the input is half of an Internal clock 
period. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal, this error is: 

4 

VeRROR(MAX) = VpEAK i^TT fcM) X 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value and fcLK is the clock fre- 
quency at the CLK IN pin. 

For a 60 Hz common-mode signal to generate a 1 /4 LSB 
error (1.2 mV) with the converter running at 1.8 MHz, its 
peak value would have to be 1 .46V. A common-mode signal 
this large is much greater than that generally found in data 
aquisition systems. 

3.2 Input Current 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the clock rising edges during the conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator Is strobed at the end of a clock period. 

3.3 Input Bypass Capacitors 

Bypass capacitors at the inputs will average the current 
spikes noted in 3.2 and cause a DC current to flow through 
the output resistances of the analog signal sources. This 
charge pumping action is worse for continuous conversions 
with the V|n(+) input voltage at full scale. For continuous 
conversions with a 1 .8 MHz clock frequency with the V|n(+ ) 


input at 5V, this DC current is at a maximum of approximate- 
ly 5 fiA. Therefore, bypass capacitors should not be used at 
the analog inputs or the Vf^Eppin for high resistance sourc- 
es (>1 kH). If input bypass capacitors are necessary for 
noise filtering and high source resistance is desirable to 
minimize capacitor size, the detrimental effects of the volt- 
age drop across this input resistance, which is due to the 
average value of the input current, can be eliminated with a 
full-scale adjustment while the given source resistor and in- 
put bypass capacitor are both In place. This is possible be- 
cause the average value of the input current is a linear func- 
tion of the differential input voltage. 

3.4 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors if the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (^1 kfl) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applications 
(^0.1 kn) a 4700 pF bypass capacitor at the Inputs will 
prevent pickup due to series lead induction of a long wire. A 
100ft series resistor can be used to Isolate this capacitor - 
both the R and the C are placed outside the feedback loop 
- from the output of an op amp, if used. 

3.5 Noise 

The leads to the analog inputs (pins 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these Inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 1 kft. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog In- 
puts to ground, can reduce system noise pickup but can 
create analog scale errors. See section 3.2, 3.3, and 3.4 if 
input filtering is to be used. 
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Functional Description (Continued) 

4.0 OFFSET AND REFERENCE ADJUSTMENT 

4.1 Zero Offset 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V(-) input and applying a small 
magnitude positive voltage to the V(+) input. Zero error is 
the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 00 0000 0000 to 00 0000 0001 and the ideal 1 /2 LSB 
value (1/2 LSB = 2.45 mV for Vref = 5.0 Vdc). 

The zero of the A/D normally does not require adjustment. 
However, for cases where V|N(min) is not ground and in 
reduced span applications (Vref < 5V), an offset adjust- 
ment may be desired. The converter can be made to output 
an all zero digital code for an arbitrary input by biasing the 
A/D’s V|n(-) input at that voltage. This utilizes the differen- 
tial input operation of the A/D. 

4.2 Full Scale 

The full-scale adjustment can be made by applying a differ- 
ential Input voltage that is 1 yz LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input for a digital output code that is just 
changing from 11 1111 1 1 10 to 1 1 1111 1111. 

4.3 Adjusting for an Arbitrary Analog 
Input Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal that does not go to ground), this new zero reference 
should be properly adjusted first. A V|n(+) voltage that 
equals this desired zero reference plus 1 /2 LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/1024) is applied to selected “ + ” input and the 


zero reference voltage at the corresponding Input 
should then be adjusted to just obtain the GOOrex 001 rex 
code transition. 

The full-scale adjustment should be made [with the proper 
V|n(-) voltage applied] by forcing a voltage to the V|n(+) 
input given by: 

V|M(+)FSadi = VMAX-1.5[ ^^^,~ - ;^'^’ ] 

where V^ax = fhe high end of the analog input range and 
Vmin = the low end (the offset zero) of the analog range. 
(Both are ground referenced). 

The Vref (or Vcc) voltage is then adjusted to provide a 
code change from 3FFrex to 3FErex- This completes the 
adjustment procedure. 

For an example see the Zero-Shift and Span-Adjust circuit 
below. 

5.0 POWER SUPPLIES 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vqc P'm and values of 1 juF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- 
lator for the converter (and the other analog circuitry) will 
greatly reduce digital noise on the Vcc supply. 

A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to the digital ground. Any Vref bypass 
capacitors, analog input filters capacitors, or input signal 
shielding should be returned to the analog ground point. 


<5 Vqc) 



Figure 4. Zero-Shift and Span-Adjust (2V ^ V|n ^ 5V) 


TL/H/5261-16 
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Typical Applications 


ANY I 

Lprocessort 


cs 

Vcc 

RD 

CLK R 

WR 

CLKtN 

INTR 


0Q7 

OBG 

AOC1005 V|n(+) 

0B5 

0B4 

V|Nl-» 

0B3 

A GNO 

062 

OBI 

OBO 

Vref 

OGNO 


10BIT RESOLUTION 
OVER 

ANALOG INPUT 
VOLTAGE RANGE 


Operating with Ratiometric Transducers 


Handiing ±5V Analog Inputs 

Vcc (5Voc) 



V|n(-) = 0.15 Vcc 

15% Of Vcc ^ VxdR ^ 05% Of Vcc 


TRI-STATE Test Circuits and Waveforms 



t|H,CL=10pF 

i 1-50% 

GNO 

VoH at 


tOH 

Vcc Vcc 



— 

‘'Jr 

Vcc 

/go% 


1^50% 

GNO —3 

■ 10% 

— 

h-toH 
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Ordering Information 


Part Number 

Package 

Outline 

Temperature 

Range 

Linearity 

Error 

ADC1005BCJ-1 

J20A 

O^Cto +70“C 

± 1/2 LSB 

ADC1006BCJ 

J20A 

-40“Cto +85"C 


Part Number 

Package 

Outline 

Temperature 

Range 

Linearity 

Error 

ADC1005CCV 

V20A 

0°Cto +70"C 

±1 LSB 

,ADC1005CCJ-1 

J20A 

ADC1005CCJ 

J20A 

-40“Cto 
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National Semiconductor 


ADC10154, ADC10158 10-Bit Plus Sign 4 jus ADCs 
with 4- or 8°Chann@l MUX, Track/Hold and R@f@r@nc@ 


General Description 

The ADC10154 and ADC10158 are CMOS 10-bit plus sign 
successive approximation A/D converters with versatile an- 
alog input multiplexers, track/hold function and a 2.5V 
band-gap reference. The 4-channel or 8-channel multiplex- 
ers can be software configured for single-ended, differential 
or pseudo-differential modes of operation. 

The input track/hold is implemented using a capacitive ar- 
ray and sampled-data comparator. 

Resolution can be programmed to be 8-bit, 8-bit plus sign, 
1 0-bit or 1 0-bit plus sign. Lower-resolution conversions can 
be performed faster. 

The variable resolution output data word is read in two 
bytes, and can be formatted left justified or right justified, 
high byte first. 

Applications 

■ Process control 

■ Instrumentation 

■ Test equipment 


Features 

■ 4- or 8- channel configurable multiplexer 

■ Analog input track/hold function 

■ OV to 5V analog input range with single +5V power 
supply 

■ -5V to +5V analog input voltage range with ±5V sup- 
plies 

■ Fully tested in unipolar (single + 5V supply) and bipolar 
(dual ± 5V supplies) operation 

■ Programmable resolution/speed and output data format 

■ Ratiometric or Absolute voltage reference operation 

■ No zero or full scale adjustment required 

■ No missing codes over temperature 

■ Easy microprocessor interface 

Key Specifications 

■ Resolution 

■ Integral linearity error 

■ Unipolar power dissipation 

■ Conversion time (1 0-bit + sign) 

■ Conversion time (8-bit) 

■ Sampling rate (10-bit + sign) 

■ Sampling rate (8-bit) 

■ Band-gap reference 


10-bit plus sign 
± 1 LSB (max) 
33 mW (max) 
4.4 jLis (max) 
3.2 juts (max) 
166 kHz 
207 kHz 
2.5V ±2.0% (max) 


ADC10158 Simpiified Biock Diagram 


CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CHS 

CH7 

AV* 

Vref" 

''ref" 

VrefOUT 

OV*" 

DGND 

V 



I NT 

DBO (MAO) 
OBI (MAI) 
DB2 (MA2) 
DBS (MAS) 
DB4 (MA4) 
DBS (U/^ 
DBS (S/T^ 
DB7 (L/^ 


TL/H/1 1225-1 
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ADC10154/ADC10158 


Absolute Maximum Ratings (Notes i & 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Saies 
Office/Distributors for avaiiabiiity and specifications. 


Positive Supply Voltage (V+ = AV+ = DV+) 6.5V 

Negative Supply Voltage (V-) -6.5V 

Total Supply Voltage (V-^ - V~) 13V 

Total Reference Voltage (Vref'*' ~ Vref~) 6.6V 

Voltage at Inputs and 

Outputs V“ -0.3V to V+ + 0,3V 

Input Current at Any Pin (Note 4) ± 5 mA 

Package Input Current (Note 4) ±20 mA 

Package Dissipation at Ta = 25*C (Note 5) 500 mW 

ESD Susceptibility (Note 6) 2000V 

Soldering Information 

N Packages (10 Sec) 260‘’C 

J Packages (10 Sec) 300®C 

SO Package (Note 7): 

Vapor Phase (60 Sec) 215”C 

Infrared (15 Sec) * 220“C 

Storage Temperature 

Ceramic DIP Packages -65‘’Cto ^ISO^C 

Plastic DIP and SO Packages -40"C to + 1 50“C 


Operating Ratings (Notes2&3) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC1 01 54CIN. ADC1 01 54CIWM, 

ADC10158CIN. ADC10158CIWM -40“C ^ Ta ^ +85°C 
Positive Supply Voltage 

(V+ = AV+ = DV+) 4.5VDcto5.5VDC 

Unipolar Negative Supply 

Voltage (V-) DGND 

Bipolar Negative Supply 

Voltage (V-) -4.5V to -5.5V 

V+ - V- 11V 

Vref+ AV+ + 0.05 Vdc to V- - 0.05 Vdc 

Vref" AV+ + 0.05 Vdc to V- -o.05Vdc 

Vref (Vref “ Vref") 0.5VDctoV+ 


Eiectricai Characteristics 


The following specifications apply for V+ = AV+ = DV+ = + 5.0 Vdc. Vref = 5.000 Vdc. Vref" = GND, V- = GNDfor 
unipolar operation or V- = -5.0 Vdc tor bipolar operation, and fciK = 5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Tj = Twin to T^ax; oH other limits Ta = Tj = 25®C. (Notes 8, 9, and 12) 






CIN and CIWM 


Symbol 

Parameter 

Conditions 

Typical 

Suffixes 

Units 

(Note 10) 

Limits 
(Note 11) 

(Limit) 





UNIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 



Resolution 



10 + Sign 

Bits 


Unipolar Integral 

Linearity Error 

Vref'*' = 2.5V 
Vref+= 5.0V , 

±0.5 

±1 

LSB 

LSB (Max) 


Unipolar Full-Scale Error 

Vref'+ = 2.5V 

Vref'*’ = 5-OV 

±0.5 

± 1.5 

LSB 

LSB (Max) 




±1 

± 1.5 

LSB 

LSB (Max) 


Unipolar Total Unadjusted 
Error (Note 13) 


±1.5 

±2 

LSB 

LSB (Max) 


Unipolar Power Supply 
, Sensitivity 

Offset Error 
Full-Scale Error 
Integral Linearity Error 

V+ = +5V±10% 
Vref**" = 4.5 V 

±0.25 

±0.25 

±0.25 

'±1 
±1 ' 

LSB (Max) 

LSB (Max) 

LSB 


2-308 








Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + 5.0 Vdc. Vref'*' = 5.000 Vdc. Vref" = GND, V~ = GNDfor 
unipolar operation or V~ = -5.0 Vdc for bipolar operation, and fcLK = 5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25“C. (Notes 8, 9, and 12) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

CIN and CIWM 
Suffixes 

Units 

(Limit) 

Limits 
(Note 11) 

BIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 


Resolution 



10 ± Sign 

Bits 


Bipolar Integral 

Linearity Error 

Vref"^ = 5.0V 


±1 

LSB (Max) 


Bipolar Full-Scale Error 

VreF+ = 5.0V 


±1.25 

LSB (Max) 


Bipolar Negative Full-Scale 

Error with Positive-Full 

Scale Adjusted 

Vref"*” = 5.0V 


±1.25 

LSB (Max) 


Bipolar Offset Error 

VREF+ = 5.0V 


±2.5 

LSB (Max) 


Bipolar Total Unadjusted 

Error (Note 1 3) 

Vref+ = 5.0V 


±3 

LSB (Max) 


Bipolar Power Supply 

Sensitivity 

Offset Error 

Full-Scale Error 
Integral Linearity Error 

Offset Error 
Full-Scale Error 
Integral Linearity Error 

V+ = +5V ±10% 

Vref+ = 4.5 V 

±0.5 

±0.5 

±0.25 

±2.5 

±1.5 

LSB (Max) 

LSB (Max) 

LSB 

V- = -5V ±10% 

Vref+ = 4.5V 

±0.25 

±0.25 

±0.25 

±0.75 

±0.75 

LSB (Max) 

LSB (Max) 

LSB 

UNIPOLAR AND BIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 


Missing Codes 



0 



DC Common Mode 

Error (Note 14) 

Bipolar 

Unipolar 

V,N+ = V,N- 
= V|N where 
±5.0V^ V|N^ -5.0V 
±5.0V^ ViN^OV 

±0.25 

±0.25 

±0.75 

±0.5 

LSB (Max) 

LSB (Max) 

Rref 

Reference Input Resistance 


7 

4.5 

9.5 

m (Max) 
kft (Max) 

Gref 

Reference Input Capacitance 


70 


PF 

Vai 

Analog Input Voltage 



(V++0.05) 

(V--0.05) 

V (Max) 

V (Min) 

Cai 

Analog Input Capacitance 


30 


pF 


Off Channel Leakage 

Current 
(Note 15) 

On Channel = 5V 

Off Channel = OV 

-400 

-1000 

nA (Max) 

On Channel = OV 

Off Channel = 5V 

400 

1000 

nA (Max) 
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Electrical Characteristics 

The following specifications apply for V+ = A\/+ = DV+ = + 5.0 Vdc. Vref''' = 5.000 Vdc. Vref" = GND, V" = GNDfor 
unipolar operation or V“ = -5.0 Vdc for bipolar operation, and fcLK = 5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Tj = Tmin Tmax; all other limits Ta = Tj = 25“C. (Notes 8, 9, and 12) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

DYNAMIC CONVERTER AND MULTIPLEXER CHARACTERISTICS 

S/(N + D) 

Unipolar Signal-to-Noise+ 

Distortion Ratio 

flN = 10kHz,V|N = 4.85 Vp_p 
flN = 150 kHz, V|N = 4.85 Vp.p 

60 

58 


dB 

dB 

S/(N + D) 

Bipolar Signal-to-Noise + 

Distortion Ratio 

f|N = 10kHz,V|N = ± 4.85V 
f|N = 150 kHz, V|N = ± 4.85V 

60 

58 


dB 

dB 


-3 dB Unipolar Full 

Power Bandwidth 

V|N = 4.85Vp_p 



kHz 


-3 dB Bipolar Full 

Power Bandwidth 

V|N = ± 4.85V 

200 


kHz 

REFERENCE CHARACTERISTICS (Unipolar Operation V- = GND Only) 

VREpOut 

Reference Output Voltage 


2.5 ±1% 

2.5 ± 2% 

V(Max) 

AVREF/At 

VpgpOut Temperature Coefficient 


40 


ppm/^C 

AVref/AIl 

Load Regulation 

Sourcing 

0 mA ^ II ^ +4 mA 

0.003 

0.1 

%/mA (Max) 

Sinking 

0 mA ^ II ^ -1 mA 

0.2 

0.6 

%/mA (Max) 


Line Regulation 

4.5V ^ V+ 5.5V 

0.5 

6 

mV (Max) 

isc 

Short Circuit Current 

VREFOut = 0V 

14 

25 

mA (Max) 

AVREF/At 

Long-Term Stability 


200 


ppm/1 kHr 

fsu 

Start-Up Time 

Cl = 330 jutF 

20 


ms 

DIGITAL AND DC CHARACTERISTICS 

V|N(1) 

Logical “1 ” Input Voltage 

V+ = 5.5V 


2.0 

V (Min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5V 


0.8 

V(Max) 

l|N(1) 

Logical “1” Input Current 

V|N = 5.0V 

0.005 

2.5 

jLiA (Max) 

l|N(0) 

Logical “0” Input Current 

V,N = OV 

-0.005 

-2.5 

fiA (Max) 

V0UT(1) 

Logical “1 ” Output Voltage 

V+ = 4.5V: 

•out == -360 jLtA 
loUT = “10 f^A 


2.4 

4.25 

V (Min) 

V (Min) 

VoUT(O) 

Logical “0” Output Voltage 

V+ = 4.5V 

Iqut = 1.6 mA 


0.4 

V(Max) 

loUT 

TRI-STATE® Output Current 

VoUT = OV 

VoUT = 5V 

-0.01 

0.01 

-3 

3 

juiA (Max) 
juA (Max) 

+ isc 

Output Short Circuit Source Current 

VoUT = OV 

-40 

-10 

mA (Min) 

-Isc 

Output Short Circuit 

Sink Current 

VoUT = DV+ 

30 

10 

mA (Min) 

DI + 

Digital Supply Current 

^ = HIGH 

0.75 

2 

mA (Max) 

C§ = HIGH,fcLK = OHz 

0.15 


mA (Max) 

AI + 

Analog Supply Current 

= HIGH 

3 

4.5 

mA (Max) 

CS = HIGH.fcLK = OHz 

3 


mA (Max) 

1- 

Negative Supply Current 

CS = HIGH 

3.5 

4.5 

mA (Max) 

CS = HIGH, fcLK = 0 Hz 

3.5 




Iref 


Reference Input Current 


0.7 


mA (Max) 































































Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + S.OVdc. Vp^pH- = 5.000 Vdc. Vppp- = GND, V“ = GND 
for unipolar operation or V“ = -5.0 Vgc for bipolar operation, V = tf = 3 ns and fcLK = 5.0 MHz unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; aH other limits Ta = Tj = 25“C. (Note 16) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

AC CHARACTERISTICS 

fCLK 

Clock Frequency 


8 

10 

5.0 

MHz (Max) 
kHz (Min) 


Clock Duty Cycle 




% (Min) 

% (Max) 

tc 

Conversion 

Time 

8-Bit Unipolar Mode 



16 

1 /fcLK 

fCLK = 5.0 MHz 


3.2 

jLis (Max) 

8-Bit Bipolar Mode 



18 

1/fCLK 

fCLK ~ 5.0 MHz 


3.6 

/xs (Max) 

10-Bit Unipolar Mode 



20 

1/fCLK 

fCLK = 5.0 MHz 


4.0 

jLis (Max) 

10-Bit Bipolar Mode 



22 

l/fCLK 

fCLK = 5.0 MHz 


4.4 


tA 

Acquisition Time 



6 


fCLK = 5.0 MHz 


1.2 

JLIS 

fCR 

Delay between Falling Edge of 

CS and Falling Edge of TO 


0 

5 

ns (Min) 


Delay betwee Rising Edge 

RD and Rising Edge of ^ 


0 

5 

ns (Min) 

few 

Delay between Falling Edge 
of ^ and Falling Edge of WR 


0 

5 


twe 

Delay between Rising Edge 
of WR and Rising Edge of CS 


0 

5 


fRW 

Delay between Falling Edge 
of ro and Falling Edge of WR 


0 

5 

ns (Min) 

tW(WR) 

WR Pulse Width 


25 

50 

ns (Min) 

tws 

WR High to CLK-^ 2 Low Set-Up Time 



5 


tps 

Data Set-Up Time 


6 

15 

ns (Max) 

tpH 

Data Hold Time 


0 

5 

ns (Max) 

tWR 

Delay from Rising Edge 
of WR to Rising Edge ^ 


0 

5 

ns (Min) 

Ucc 

Access Time (Delay from Falling 

Edge of RD to Output Data Valid) 

Cl= 100 pF 

25 

45 


twi. tRI 

Delay from Falling Edge 
of WR or ro to Reset of I NT 

Cl = 100 pF 

25 

40 


tlNTL 

Delay from Falling Edge of CLK^ 2 to Falling 
Edge oflNT 


40 


ns 
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ADC10154/ADC10158 


Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + S.OVpc. Vp^pH- = 5.000 Vqc, Vp^p- = GND, V" = GND 
for unipolar operation or V~ = -5.0 Vdc for bipolar operation, tr = tf = 3 ns and fcLK = 5-0 MHz unless otherwise specified. 
Boldface linfilts apply for Ta = Tj = Tmin to Tmax! all other limits Ta = Tj = 25“C. (Note 16) (Continued) 



Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 


AC CHARACTERISTICS (Continued) 

tlH. toH 

TRI-STATE Control (Delay from 

Rising Edge of ^ to Hi-Z State) 

Cl = 10 pF, Rl = 1 kn 

20 

35 

ns (Max) 

tRR 

Delay between Successive 

FiD Pulses 


25 

50 


tp 

Delay between Last Rising Edge 
of ^ and the Next Falling 

Edge ofWR 


20 

50 

ns (Min) 

C|N 

Capacitance of Logic Inputs 


5 


pF 

COUT 

Capacitance of Logic Outputs 


5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND, unless othenwise specified. 

Note 4: When the input voltage (V|n) at any pin exceeds the power supplies (V|n < V- or V|n > AV+ or DV+), the current at that pin should be limited to 5 mA. 
The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj,Tiax> ^ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tj^ax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = ISCC. The typical thermal resistance (0 ja) of these parts when board mounted follow: ADC10154 with BIN and CIN suffixes 65*C/W, ADC10154 
with BIJ, CIJ and CM J suffixes 49*C/W, ADC1 01 54 with BIWM and CIWM suffixes 72'>C/W, ADC1 01 58 with BIN and CIN suffixes 59"C/W, ADC1 01 58 with Bl J, CIJ, 
and CMJ suffixes 46'C/W, ADC10158 with BIWM and CIWM suffixes 68*C/W. 

Note 6: Human body model, 1 00 pF capacitor discharged through a 1 .5 kfl resistor. 

Note 7; See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount" found in any post-1986 National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 8: Two on-chip diodes are tied to each analog input as shown below. They will forward-conduct for analog input voltages one diode drop below V“ supply or 


DV+ 



TL/H/ 11225-4 

one diode drop greater than V+ supply. Be careful during testing at low V+ levels (4.5V), as high level analog inputs (5V) can cause an input diode to conduct, 
especially at elevated temperatures, which will cause errors for analog inputs near full-scale. The specification allows 50 mV forward bias of either diode; this 
means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an 
unselected channel will corrupt the reading of a selected channel. This means that if AV+ and DV+ are minimum (4.5 V^q) and V“ is a maximum (-4.5 Vdc) full 
scale must be ^ ± 4.55 Vdc- 
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Electrical Characteristics (Continued) 

Note 9: A diode exists between AV+ and DV+ as shown below. 


AV" 


DV^ 


D- 


TO INTERNAL 
CIRCUITRY 


TO INTERNAL 
CIRCUITRY 


TL/H/1 1225-5 

To guarantee accuracy, it is required that the AV+ and DV+ be connected together to a power supply with separate bypass filter at each V+ pin. 
Note 10: Typicals are at Tj = Ta = 25‘’C and represent most likely parametric norm. 

Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: One LSB is referenced to 10 bits of resolution. 

Note 13: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 14: For DC Common Mode Error the only specification that is measured is offset error. 

Note 15: Channel leakage current is measured after the channel selection. 

Note 16: All the timing specifications are tested at the TTL logic levels, V|l = 0.8V for a falling edge and V|h = 2.0V for a rising. 


Ordering Information 


Industrial -40‘’C ^ Ta ^ 85"C 

Package 

ADC10154CIN 

N24A 

ADC10154CIWM 

M24B 

ADC10158CIN 

N28B 

ADC10158CIWM 

M28B 
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Electrical Characteristics (Continued) 



FIGURE 1 A. Transfer Characteristic 



(from -1024 to +1023) 


FIGURE IB. Simplified Error Curve vs Output Code 


TL/H/1 1225-7 
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OFFSET ERROR (LSB) 


Typical Converter Performance Characteristics 


Total Positive Suppiy 
Current (DI+ + AI + ) 
vs Temperature 

AV* = DV+ = +5V 
I I fcL K = 5 MHz 


Totai Positive Power 
Supply Current (DI+ + AI+] 
vs Clock Frequency 
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ERROR (LSB) 


Offset Error 



-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (“C) 


Linearity Error vs 
Reference Voitage 








ADC10154/ADC10158 


Typical Reference Performance Characteristics 


Load Regulation 



OUTPUT CURRENT (mA) 


Line Regulation 



2 3 4 5 6 7 8 

SUPPLY VOLTAGE 


Availabie 
Output Current 



0 2 4 6 8 

SUPPLY VOLTAGE 


Output Drift 
vs Temperature 
(3 Typical Parts) 


1 









■ 

10 mV 

•* 








s 

f . 

5 

> 









■ 

•** 








■ 









■ 









■ 


















_ 


-75 -25 0 25 75 125 


JUNCTION TEMPERATURE 


TL/H/ 11225-9 
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Leakage Current Test Circuit 

+5V 



TL/H/1 1225-10 


TRI-STATE Test Circuits and Waveforms 



TL/H/1 1225-12 


TL/H/1 1225-11 



TL/H/11225-13 





Timing Diagrams 


©(Dd)®©®®© 



DIAGRAM 1. Starting a Conversion with New MUX Channel and Output Configuration 


©©©©©©(nZD® 

- njnjnjTnjiJnjnji.jT^ 



DIAGRAM 2. Starting a Conversion without Changing the MUX Channel or Output Configuration 




Timing Diagrams (Continued) 



Multiplexer Addressing and Output Data Configuration Tabies 


TABLE (. ADC10154 and ADC10158 Output Data Configuration 


Resolution 



Data Bus Output Assignment 




IW!i 



DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

10-Bits + Sign 


L 

L 

L 

Sign 

Sign 

Sign 

Sign 

Sign 

Sign 

MSB 

9 

First Byte Read 






8 

7 

6 

5 

4 

3 

2 

LSB 

Second Byte Read 

10-Bits + Sign 

Left-Justified 

L 

L 

H 

Sign 

MSB 

9 

8 

7 

6 

5 

4 

First Byte Read 






3 

2 

LSB 

L 

L 

L 

L 

L 

Second Byte Read 

10-Bits 

Right-Justified 

L 

H 

L 

L 

L 

L 

L 

L 

L 

MSB 

9 

First Byte Read 






8 

7 

6 

5 

4 

3 

2 

LSB 

Second Byte Read 

10-Bits 

Left-Justified 

L 

H 

H 

MSB 

9 

8 

7 

6 

5 

4 

3 

First Byte Read 






2 

LSB 

L 

L 

L 

L 

L 

L 

Second Byte Read 

8-Bits + Sign 

Right-Justified 

H 

L 

L 

Sign 

Sign 

Sign 

Sign 

Sign 

Sign 

Sign 

Sign 

First Byte Read 






MSB 

7 

6 

5 

4 

3 

2 

LSB 

Second Byte Read 

8-Bits + Sign 

Left- Justified 

H 

L 

H 

Sign 

MSB 

7 

6 

5 

4 

3 

2 

First Byte Read 






LSB 

L 

L 

L 

L 

L 

L 

L 

Second Byte Read 

8-Bits 

Right-Justified 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

First Byte Read 






MSB 

7 

6 

5 

4 

3 

2 

LSB 

Second Byte Read 

8-Bits 

Left-Justified 

H 

H 

H 

MSB 

7 

6 

5 

4 

3 

2 

LSB 

First Byte Read 






L 

L 

L 

L 

L 

L 

L 

L 

Second Byte Read 
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ADC10154/ADC10158 


Connection Diagrams 


Dual-In Line and SO Packages 


AV+- 

1 


24 

-DV+ 


AV+- 

1 



28 


2 


23 

-WR 


CHO- 

2 

27 

RD- 

3 


22 

— CLK 


CHI - 

3 

26 

CHO- 

4 


21 

-M 


CH2- 

4 

25 

CHI - 

5 


20 

-DBO 

(MAO) 

CH3- 

5 

24 

CH2- 

6 


19 

-DB1 

(MAI) 

CH4 — 

6 

23 

CH3- 

7 


18 

-DB2 

(MA2) 

CHS- 

7 

22 

VrefOUT- 

8 


17 

-DB3 

(MA3) 

CH6 — 

8 

21 

Vref'- 

9 


16 

-DB4 


CH7- 

9 

20 

'^REF " "■ 

10 


15 

-DBS 

(u/s) 

VrefOUT- 

10 

19 

V- 

11 


14 

— DB6 

(8/To) 


11 

18 

DGND- 

12 


13 

-DB7 

(L/R) 

'^REF "■ 

12 

17 



Top View 



TL/H/1 1225-2 

V~ — 

DGND- 

1 3 

14 

1 6 

15 


Order Number ADC10154 
NS Package Numbers 
J24A, M24B or N24A 


1.0 Pin Descriptions 

AV+ This is the positive analog supply. This pin 
should be bypassed with a 0.1 /xF ceramic ca- 
pacitor and a 10 juiF tantalum capacitor to the 
system analog ground. 

DV+ This is the positive digital supply. This supply 
pin also needs to be bypassed with 0.1 fiF ce- 
ramic and 10 fiF tantalum capacitors to the 
system digital ground. AV+ and DV+ should 
be bypassed separately and tied to same pow- 
er supply. 

DGND This is the digital ground. All logic levels are 
referred to this ground. 

V" This is the negative analog supply. For unipolar 

operation this pin may be tied to the system 
analog ground or to a negative supply source. 
It should not go above DGND by more than 
50 mV. When bipolar operation is required, the 
voltage on this pin will limit the analog Input’s 
negative voltage level. In bipolar operation this 
supply pin needs to be bypassed with 0.1 fxF 
ceramic and 1 0 fxF tantalum capacitors to the 
system analog ground. 

Vref"^ , These are the positive and negative reference 

Vref~ inputs. The voltage difference between Vref*^ 
and Vref” will set the analog input voltage 
span. 

VpgpOut This is the internal band-gap voltage reference 
output. For proper operation of the voltage ref- 
erence, this pin needs to be bypassed with a 
330 fiF tantalum or electrolytic capacitor. 

This is the chip select input. When a logic low is 
applied to this pin the WR and RD pins are 
enabled. 


I— DV^ 

-WR 


I (MAO) 
(MA1) 

: (MA2) 

: (MA3) 
(MA4) 

i (u/s) 
(e/fo) 
(L/^ 


TL/H/ 11 225-3 


Top View 

Order Number ADC10158 
NS Package Numbers 
J28A,M28BorN28B 


RD 


WR 


INT 


CLK 


This Is the read control input. When a logic low 
is applied to this pin the digital outputs are en- 
abled and the \HT output Is reset high. 

This Is the write control input. The rising edge 
of the signal applied to this pin selects the mul- 
tiplexer channel and initiates a conversion. 
This is the interrupt output. A logic low at this 
output Indicates the completion of a conver- 
sion. 

This is the clock input. The clock frequency di- 
rectly controls the duration of the conversion 
time (for example, In the 10-bit bipolar mode 
tc = 22/fcLK) and the acquisition time (tA = 
6/fcLK)- 

DBO(MA^)- These are the digital data inputs/outputs. DBO 

DB7 (L/R) is the least significant bit of the digital output 
word; DB7 is the most significant bit in the digi- 
tal output word (see the Output Data Configura- 
tion table). MAO through MA4 are the digital 
inputs for the multiplexer channel selection 
(see the Multiplexer y^ressing tables). U/S 
(Unsigned/Signed), 8/10, (8/10-bit resolution) 
and L/R (Left/Right justification) are the digital 
input bits that set the A/D’s output word format 
and resolution (see the Output Data Configura- 
tion table). The conversion time Is modified by 
the chosen resolution (see Electrical AC Char- 
acteristics table). The lower the resolution, the 
faster the conversion will be. 

CH0-CH7 These are the analog input multiplexer chan- 
nels. They can be configured as single-ended 
inputs, differential input pairs, or pseudo-differ- 
ential inputs (see the Multiplexer Addressing 
tables for the input polarity assignments). 
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2.0 Functional Description 

The ADC10154 and ADC10158 use successive approxima- 
tion to digitize an analog input voltage. Additional logic has 
been incorporated in the devices to allow for the programm- 
ability of the resolution, conversion time and digital output 
format. A capacitive array and a resistive ladder structure 
are used in the DAC portion of the A/D converters. The 
structure of the DAC allows a very simple switching scheme 
to provide a very versatile analog input multiplexer. Also, 
inherent in this structure is a sample/hold. A 2.5V CMOS 
band-gap reference is also provided on the ADC10154 and 
ADC10158. 

2.1 DIGITAL INTERFACE 

The ADC10154 and ADC10158 have eight digital outputs 
(DB0-DB8) _^d can be easily interfaced to an 8-bit data 
bus. Taking CS and WR low simultaneously will strobe the 
data word on the data-bus Into the input latch. This word will 
be decoded to determine the multiplexer channel selection, 
the A/D conversion resolution and the output data format. 
The following table shows the input word data-bit assign- 
ment. 


DBO 

DB1 

DB2 

DB3 

DB4 

DBS 

DB6 

DB7 

MAO 

MAI 

MA2 

MA3 

MA4 

U/S 

8/io 

L/R 




MUX Address Control 

Input Data 

DBO through DB4 are assigned to the multiplexer address 
data bits zero through four (MA0-MA4). Tables II and III 
describe the multiplex^ address assignment. DBS selects 
unsigned or signed (U/S) operation. DB6 selects 8- or 10-bit 
resolution. DB7 selects left or right justification of the output 
data. Refer to Table I for the effect the Control Input Data 
has on the digital output word. 

The conversion process is started by the rising edge of WR, 
which sets the “start conversion” bit inside the ADC. If this 
bit is set, the converter will start acquiring the input voltage 
on the next falling edge of the internal CLK-^-2 signal. The 
acquisition period is 3 CLK^2 periods, or 6 CLK periods. 
Immediately after the acquisition period the input signal is 


held and the actual conversion begins. The number of 
clocks required for a conversion is given in the following 
table: 


Conversion Type 

CLK -2 
Cycles 

CLK 

Cycles (N) 

8-Bit 

8 

16 

8-Bit + Sign 

9 

18 

10-Bit 

10 

20 

10-Bit + Sign 

11 

22 


Since the CLK-^2 signal is internal to the ADC, it is initially 
impossible to know which falling edge of CLK corresponds 
to the failing edge of CLK-^2. For the first conversion, the 
rising edge of WR should occur at least tws ns before any 
falling edge of CLK. If this edge happens to be on the rising 
edge of CLK-^2, this will add 2 CLK cycles to the total con- 
version time. The phase of the CLK -^2 signal can be deter- 
mined at the end of the first conversion, when TnT goes low. 
InT always goes low on the falling edge of the CLK ^2 sig- 
nal. From the first falling edge of INT onward, every other 
falling edge of CLK will correspond to the falling edge of 
CLK ^2. With the phase of CLK-^2 now known, the conver- 
sion time can be minimized by taking WR high at least tws 
ns before the falling edge of CLK ^2. 

Upon completion of the conversion, TnT goes low to signal 
the A/D conversion result is ready to be read. Taking CS 
and RD low will enable the digital output buffer and put byte 
1 of the conversion result on DBO through DB7._The falling 
edge of RD resets the INT output high. Taking CS and RD 
low a second time will put byte 2 of the conversion result on 
DB7-DB0. Table I defines the DB0-DB7 assignement for 
different Control Input Data. The second read does not have 
to be completed before a new conversion is started. 

Taking WR and TO low simultaneously will start a con- 
version without changing the multiplexer channel assign- 
ment or output configuration and resolution. The timing dia- 
gram In Figure 2 shows the sequence of events that imple- 
ment this function. Refer to Diagrams 1 , 2, and 3 in the 
Timing Diagrams section for the timing constraints that must 
be met. 


start a Conversion with 
n»w MUX assignment and 
output data format 


Start a Conversion with Start a Conversion with 

Output first Output 2nd old MUX assignment and Output first Output 2nd old MUX assignment and 

byte of data byte of data output data format byte of data byte of data output data format 
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FIGURE 2. Starting a Conversion without Updating the Channel Configuration, Resoiution, or Data Format 
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2.0 Functional Description (Continued) 

Digital Interface Hints: 

• Reads and writes can be completely asynchronous to 
CLK. 

• In addition to the timing indicated in Diagrams 1 -3, CS 
can be tied low permanently or taken low for entire con- 
versions, eliminating ail the CS guardbands (tcR, tpc, 
tew. twe)- 

• If ^ is used as shown in Diagrams 1-3, the ^ guard- 
ban ds (tcR, tRCi tcwi twe) between CS and the RD and 
WR signals can safely be ignored as long as the following 
two conditions are met: 

1) When initiating a write, CB and Wr must be simulta- 
neously low for at least tw(WR) ns (see Diagram 1). 
The “start^ conversion” bit will be set on the rising 
edge of WR or CS, whichever |s first. 

2) When reading data, understand that dat a will not be 
valid until tAcc ns after both CS and RD go low. The 
output data will enter TRI-STATE tin ns or ton ris after 
either^ or RD goes high (see Diagrams 2 and 3). 

2.2 ARCHITECTURE 

Before a conversion is started, during the analog input sam- 
pling period, the sampled data comparator is zeroed. As the 
comparator is being zeroed the channel assigned to be the 
positive input is connected to the A/D’s input capacitor. 
(See the Digital Interface section for a description of the 
assignment procedure.) This charges the input 32C capaci- 
tor of the DAC to the positive analog input voltage. The 
switches shown in the DAC portion of the detailed block 
diagram are set for this zeroing/acquisition period. The volt- 
age at the Input and output of the comparator are at equilib- 
rium at this point in time. When the conversion is started the 
comparator feedback switches are opened and the 32C in- 
put capacitor is then switched to the assigned negative in- 
put voltage. When the comparator feedback switch opens a 
fixed amount of charge is trapped on the common plates of 
the capacitors. The voltage at the input of the comparator 
moves away from equilibrium when the 32C capacitor is 
switched to the assigned negative input voltage, causing the 
output of the comparator to go high ("1”) or low (“0”). The 
SAR next goes through an algorithm, controlled by the out- 
put state of the comparator, that redistributes the charge on 
the capacitor array by switching the voltage on one side of 
the capacitors in the array. The objective of the SAR algo- 
rithm is to return the voltage at the Input of the comparator 
as close as possible to equilibrium. 


The switch position information at the completion of the 
successive approximation routine is a direct representation 
of the digital output. This information is then manipulated by 
the Digital Output decoder to the programmed format. The 
reformatted data is then available to be strobed onto the 
dat a bus (DB0-DB7) via the digital output buffers by taking 
^ and TO low. 

3.0 Applications Information 

3.1 MULTIPLEXER CONFIGURATION 

The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by the successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned ” + ” input terminal and a Input ter- 
minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. If the assigned ” + ” input is 
less than the input the converter responds with an all 
zeros output code when configured for unsigned operation. 
When configured for signed operation the A/D responds 
with the appropriate output digital code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 3 shows the three 
modes using the 4-channel MUX of the ADC10154. The 
eight inputs of the ADC10158 can also be configured in any 
of the three modes. The single-ended mode has CH0-CH3 
assigned as the positive input with the negative input being 
the Vref” of the device. In the differential mode, the 
ADC10154 channel inputs are grouped In pairs, CHO with 
CH1 and CH2 with CH3. The polarity assignment of each 
channel in the pair is interchangeable. Finally, in the pseu- 
do-differential mode CH0-CH2 are positive inputs referred 
to CH3 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common- 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground-referred inputs 
and true differential inputs as well as signals referred to a 
specific voltage. 

The analog input voltages for each channel can range from 
50 mV below V- (typically ground for unipolar operation or 
-5V for bipolar operation) to 50 mV above V+ = DV+ = 
AV+ (typically 5V) without degrading conversion accuracy. 
If the voltage on an unselected channel exceeds these lim- 
its it may corrupt the reading of the selected channel. 
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FIGURE 3. Analog Input Multiplexer Options 
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3.0 Applications Information (Continued) 

3.2 REFERENCE CONSIDERATIONS 

The voltage difference between the Vref"^ and Vref“ in- 
puts defines the analog input voltage span (the difference 
between V|N(Max) and V|N(Min)) over which the 2^ (where n 
is the programmed resolution) possible output codes apply. 
In the pseudo-differential and differential modes the actual 
voltage applied to Vref*^ and Vref“ can lie anywhere be- 
tween the AV+ and V“. Only the difference voltage is of 
importance. When using the single-ended multiplexer mode 
the voltage at Vref“ has a dual function. It simultaneously 
determines the “zero” reference voltage and, with Vref*^. 
the analog voltage span. 

The value of the voltage on the Vref"^ or Vref“ inputs 
can be anywhere between AV+ + 50 mV and V“ 
- 50 mV, so long as Vref*^ is greater than Vref“- The 
ADC10154 and ADC10158 can be used in either ratiometric 
applications or in systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa- 
ble of driving the minimum reference input resistance of 
4.5 kn. 

The internal 2.5V bandgap reference in the ADC10154 and 
ADC10158 is available as an output on the Vp^pOut pin. To 
ensure optimum performance this output needs to be by- 
passed to ground with 330 jaF aluminum electrolytic or tan- 
talum capacitor. The reference output is unstable with ca- 
pacitive loads greater than 100 pF and less than 100 /xF. 
Any capacitive loads ^100 pF or ^100 jaF will not cause 
the reference to oscillate. Lower output noise can be ob- 
tained by increasing the output capacitance. The 330 ixf 


capacitor will yield a typical noise floor of 200 nVrms/A/hlz. 
The 2.5V reference output is referred to the negative supply 
pin (V“). Therefore, the voltage at Vp^pOut will always 
be 2.5V greater than the voltage applied to V~. Applying 
this voltage to Vref"^ with Vref“ tied to V“ will yield an 
analog voltage span of 2.5V. In bipolar operation the volt- 
age at VpppOut will be at -2.5V when V" is tied to -5V. 
For the single-ended multiplexer mode the analog input volt- 
age range will be from — 5V to —2.5V. The pseudo-differen- 
tial and differential multiplexer modes allow for more flexibil- 
ity in the analog input voltage range since the “zero” refer- 
ence voltage is set by the actual voltage applied to the as- 
signed negative input pin. The drawback of using the inter- 
nal reference in the bipolar mode is that any noise on the 
-5V tied to the V“ pin will affect the conversion result. The 
bandgap reference is specified and tested in unipolar opera- 
tion with V” tied to the system ground. 

In a ratiometric system (Figure 4a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage may also be the system power supply, so 
Vref"^ can also be tied to AV+. This technique relaxes the 
stablity requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy (Figure 4b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent initial accuracy. The LM4040 and 
LM185 references are suitable for use with the ADC10154 
and ADC10158. 



a. Ratiometric Using the internal Reference 


FIGURE 4. Different Reference Configurations 
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3.0 Applications information (Continued) 

The minimum value of Vrep (Vref = Vref"^ “ Vref~) 
can be quite small (see Typical Performance Characteris- 
tics) to allow direct conversion of transducer outputs provid- 
ing less than a 5V output span. Particular care must be tak- 
en with regard to noise pickup, circuit layout and system 
error voltage sources when operating with a reduced span 
due to the increased sensitivity of the converter (1 LSB 
equals Vref/S^). 

3.3 THE ANALOG INPUTS 

Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative input. Input bypass capacitors 
should not be used if the source resistance is greater than 
1 kfl since they will average the AC current and cause an 
effective DC current to flow through the analog input source 
resistance. An op amp RC active lowpass filter can provide 
both Impedance buffering and noise filtering should a high 
impedance signal source be required. Bypass capacitors 
may be used when the source impedance is very low with- 
out any degradation in performance. 

In a true differential input stage, a signal that is common to 
both “ + ” and inputs Is cancelled. For the ADC10154 
and ADC10158, the positive input of a selected channel pair 
is only sampled once before the start of a conversion during 
the acquisition time (tA). The negative input needs to be 
stable during the complete conversion sequence because it 
is sampled before each decision in the SAR sequence. 
Therefore, any AC common-mode signal present on the an- 
alog inputs will not be completely cancelled and will cause 
some conversion errors. For a sinusoid common-mode sig- 
nal this error is: 

Verror(Max) = Vreak (27rfcM)(tc) 
where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value, and tc is the A/D’s maxi- 
mum conversion time (tc = 22/fcLK for 10-bit plus sign 
resolution). For example, for a 60 Hz common-mode signal 
to generate a % LSB error (1 .24 mV) with a 4.5 juts conver- 
sion time. Its peak value would have to be approximately 
731 mV. 

3.4 OPTIONAL ADJUSTMENTS 

3.4.1 Zero Error 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function (see Figure 1 ) and 
can be measured by grounding the minus input and applying 
a small magnitude positive or negative voltage to the plus 
input. Zero error is the difference between actual DC input 
voltage which is necessary to just cause an output digital 
code transition from 000 0000 0000 to 000 0000 0001 (10- 
bits plus sign) and the ideal Va LSB value (Va LSB = 2.44 
mV for Vref = + 5.000V and 1 0-bit plus sign resolution). 
The zero error of the A/D does not require adjustment. If 
the minimum analog Input voltage value, V|fv|(Min), Is not 
ground, the effetive “zero” voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus Input to V|N(Mln). This is useful for either the 
differential or pseudo-differential input channel configura- 
tions. 

3.4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 LSB down from the desired 


analog full-scale voltage range and then adjusting the Vref 
voltage (Vref = Vref"^ - Vref") a digital output 
code changing from 011 1111 1110 to 011 1111 1111. In 
bipolar signed operation this only adjusts the positive full 
scale error. The negative full-scale error will be as specified 
in the Electrical Characteristics after a positive full-scale ad- 
justment. 

3.4.3 Adjusting for an Arbitrary Anaiog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus input voltage which 
equals this desired zero reference plus Yz LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/2n, n being the programmed resolution) is 
applied to selected plus input and the zero reference volt- 
age at the corresponding minus input should then be adjust- 
ed to just obtain the OOOhex fo 001 hex code transition. 

The full-scale adjustment should be made [with the proper 
minus input voltage applied] by forcing a voltage to the plus 
Input which is given by: 

where Vmax equals the high end of the ananlog input range, 
Vmin equals the low end (the offset zero) of the analog 
range and n equals the programmed resolution. Both Vmax 
and Vmin ere ground referred. The Vref (Vref = Vref"^ 
- Vref") voltage is then adjusted to provide a code 
change from SFErex tc SFFrex- Note, when using a pseu- 
do-differential or differential multiplexer mode where Vref'*' 
and Vref“ arc placed within the V+ and V- range, the 
individual values of Vref''' and Vref" do not matter, only 
the difference sets the analog input voltage span. This com- 
pletes the adjustment procedure. 

3.5 INPUT SAMPLE-AND-HOLD 

The ADC10154/8’s sample/hold capacitor is implemented 
in the capacitor array. After the channel address is loaded, 
the array is switched to sample the selected positive analog 
input. The rising edge of WR loads the multiplexer address- 
ing information. The sampling period for the assigned posi- 
tive input is maintained for the duration of the acquisition 
time (tA), i.e., approximately 6 to 8 clock cycles after the 
rising edge of WR. 

An acquisition window of 6 clock cycles is available to allow 
the voltage on the capacitor array to settle to the positive 
analog input voltage. Any change in the analog voltage on a 
selected positive input before or after the acquisition win- 
dow will not effect the A/D conversion result. 

In the simplest case, the array’s acquisition time is deter- 
mined by the Rqn (9 k^^) oi the multiplexer switches, the 
stray input capacitance Csi (3.5 pF) and the total array (Cl) 
and stray (Cs 2 ) capacitance (Cl + Cs 2 = 48 pF). For a 
large source resistance the analog input can be modeled as 
an RC network as shown in Figure 5. The values shown 
yield an acquisition time of about 1.1 jits for 10-bit unipolar 
or 10-bit plus sign bipolar accuracy with a zero-to-full-scale 
change in the input voltage. External source resistance and 
capacitance will lengthen the acquisition time and should be 
accounted for. Slowing the clock will lengthen the acquisi- 
tion time, thereby allowing a larger external source resist- 
ance. 
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3.0 Applications Information (Continued) 



The curve “Signal to Noise Ratio vs. Output Frequency” 
(Figure 6) gives an indication of the usable bandwidth of the 
ADC10154/ADC10158. The signal-to-noise ratio of an ideal 
A/D is the ratio of the RMS value of the full scale Input 
signal amplitude to the value of the total error amplitude 
(including noise) caused by the transfer function of the A/D. 
An ideal 10-bit plus sign A/D converter with a total unadjust- 
ed error of 0 LSB would have a signal-to-noise ratio of about 
68 dB, which can be derived from the equation: 

S/N = 6.02(n) + 1.8 

where S/N is in dB and n is the number of bits. Figure 2 
shows the signal-to-noise ratio vs. Input frequency of a typi- 
cal ADC10154/ADC10158 with y 2 LSB total unadjusted er- 
ror. The dotted lines show signal-to-noise ratios for an ideal 
(noiseless) 10-bit A/D with 0 LSB error and an A/D with a 1 
LSB error. 



1 10 100 1000 
INPUT FREQUENCY (kHz) 

TL/H/1 1225-24 

FIGURE 6. ADC10154/ADC10158 
SIgnal-to-Noise Ratio vs Input Frequency 

The sample-and-hold error specifications are Included In the 
error and timing specifications of the A/D. The hold step 
and gain error sample/hold specs are included in the 
ADC10154/ADC10158’s total unadjusted, linearity, gain 
and offset error specifications, while the hold settling time is 
included in the A/D’s maximum conversion time specifica- 
tion. The hold droop rate can be thought of as being zero 
since an unlimited amount of time can pass between a con- 
version and the reading of data. The data is lost after a new 
conversion has been completed. 
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3.0 Applications Information (Continued) 

Protecting the Analog Inputs 




Note 1: Diodes are 1N914. 

Note 2: The protection diodes should be able to withstand the output current of the op amp under current limit. 

ZerO'Shift and Span-Adjust for Signed or Unsigned, Unipolar, Single-Ended 
Multiplexer Assignment, Analog Input Range of 2V ^ V|n ^ 4.5V 



TL/H/1 1225-26 
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National Semiconductor 


ADC1031/ADC1034/ADC1038 10-Bit Senai 
I/O A/D Converters with Analog Multiplexer 
and Track/Hold Function 


General Description 

The ADC1031, ADC1034 and ADC1038 are 10-bit succes- 
sive approximation A/D converters with serial I/O. The seri- 
al input, for the ADC1034 and ADC1038, controls a single- 
ended analog multiplexer that selects one of 4 input chan- 
nels (ADC1034) or one of 8 input channels (ADC1038). The 
ADC1034 and ADC1038 serial output data can be config- 
ured into a left- or right-justified format. 

An input track/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the 
analog input to vary during the A/D conversion cycle. 
Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 

Applications 

■ Engine control 

■ Process control 

■ Instrumentation 

■ Test equipment 


Features 


■ Serial I/O (MICROWIREtm compatible) 

■ Separate asynchronous converter clock and serial data 
I/O clock 

■ Analog input track/hold function 

■ Ratiometric or absolute voltage referencing 

■ No zero or full scale adjustment required 

■ OV to 5V analog injaut range with single 5V power 
supply 

■ TTL/MOS Input/output compatible 

■ No missing codes 


Key Specifications 

■ Resolution 

■ Total unadjusted error 

■ Single supply 

■ Power dissipation 

■ Max. conversion time (fc = 3 MHz) 

■ Serial data exchange time (fs = 1 MHz) 


10 bits 
± 1 LSB (max) 
5V ±5% 
20 mW (max) 
13.7 jas (max) 
10 fjLS (max) 


Connection Diagrams 

Dual-ln-Line and SO Packages 
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Tod View 



Ordering Information 


Industrial -40X ^ ^ +85“C 

Package 

ADC1031CIN 

N08E 

ADC1034CIN 

N16E 

ADC1034CIWM 

M16B 

ADC1038CIN 

N20A 

ADC1038CIWM 

M20B 

Military -55°C ^ Ta ^ + 125"C 

Package 

ADC1034CMJ 

J16A 

ADC1038CMJ 

J20A 


ADC1034 in NS Packages 
J16A,M16B orNIGE 


TL/H/1 0556-2 


Top View 


ADC 1038 In NS Packages 
J20A, M20B or N20A 
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Absolute Maximum Ratings (Notes 1 & 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 6.5V 

Voltage at Inputs and Outputs -0.3V to Vcc + 6-3V 

Input Current at Any Pin (Note 4) ± 5 mA 

Package I nput Current (Note 4) ± 20 mA 

Package Dissipation 
atlA = 25“C(Note5) 

ESD Susceptability (Note 6) 

Soldering Information 
N Package (10 sec.) 

J Package (10 sec.) 

SO Package (Note 7): ‘ 

Vapor Phase (60 sec.) 

Infrared (15 sec.) 

Storage Temperature 


Operating Ratings (Notes 2 & 3) 


500 mW 
2000V 

260“C 

300^*0 

215"C 
220'’C 
-65”Cto +150“C 


Temperature Range 
ADC1031CIN, 

ADC1034CIN, 
ADC1034CIWM, 
ADC1038CIN, 
ADC1038CIWM 
ADC1034CMJ, ADC1038CMJ 
Supply Voltage (Vcc) 
Reference Voltage 
(Vref = Vref"^ - Vref~) 


Tmin ^ Ta ^ Tmax 
-40‘’C ^ Ta ^ ^-SS^C 


-55“C^Ta^ +125“C 
4.75 Vdc to 5.25 Vdc 

2.0VDctoVcc + 0.05V 


Electrical Characteristics 

The following specifications apply for Vcc = +5.0V, Vref = +4.6V, fs = 700 kHz, and fc = 3 MHz unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin to Truax; slW other limits Ta = Tj = 25“C. 


Symbol 


Parameter 


Conditions 


Typical 

(Noted) 


Limit 
(Note 9) 


Units 

(Limits) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 



Total Unadjusted 
Error 

CIN, CIWM, CMJ 

(Note 10) 


±1 

LSB (max) 


Differential Linearity 



10 


Rref 

Reference Input Resistance 



5 

11 

kft 

kft (min) 
kft (max) 

Vref 

Reference Voltage 



(Vcc + 0-05) 

V (max) 

V|N 

Analog Input Voltage 

(Note 11) 


(Vcc + 0.05) 
(GND - 0.05) 

V (max) 

V (min) 


On Channel Leakage Current 

(Note 12) 

On Channel = 5 Vdc. 

Off Channel = 0 Vqc 

5.0 


nA (max) 
nA (max) 

On Channel = 0 Vqc. 

Off Channel = 5 Vqc 



nA (max) 
nA (max) 


Off Channel Leakage Current 

(Note 12) 

On Channel = 5 Vqc. 

Off Channel = 0 Vdc 



nA (max) 
nA (max) 

On Channel = 0 Vdc. 

Off Channel = 5 Vdc 

5.0 


nA (max) 
nA (max) 


Power Supply 
Sensitivity 



Zero Error 

4.75 Vdc ^ Vcc ^ 5.25 Vdc 


±1/4 

LSB (max) 

Full Scale Error 


±1/4 

LSB (max) 
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Electrical Characteristics (continued) 

The following specifications apply for Vcc = +5.0V, Vref = +4.6V, fs = 700 kHz, and fc = 3 MHz unless othen^/ise 
specified. Boldface limits apply for Ta = Tj = Tmin to Tmax.* a** other limits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limit 
(Note 9) 

Units 

(Limits) 

DIGITAL AND DC CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

Vcc == 5.25 Vdc 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

Vcc = 4.75 Vdc 


0.8 

V (max) 

l|N(1) 

Logical “1” Input Current 

ViN = 5-0 Vdc 

0.005 

2.5 

/xA (max) 

l|N(0) 

Logical “0” Input Current 

V|N = 0 Vdc 

-0.005 

-2.5 

fxA (max) 

■ 

Logical “1 ” Output Voltage 

Vcc = 4.75 Vdc 
•out “360 jLiA 
•out “ “10 jutA 


2.4 

4.5 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

Vcc = 4.75 Vdc 
•out =1-6 mA 

HI 

0.4 

V (max) 

Iqut 

TRI-STATE Output Current 

VOUT = OV 

-0.01 

-3 

juiA (max) 

VqUT 5V 

0.01 

3 

jaA (max) 

ISOURCE 

Output Source Current 

VqUT “ OV 

-14 

-6.5 

mA (min) 

•sink 

Output Sink Current 

VqUT = Vcc 

16 

8.0 

mA (min) 

•cc 

Supply Current 

^ = HIGH, Vref Open 

1.5 

3 

mA (max) 

AC CHARACTERISTICS 

fc 

Conversion Clock (Cclk) 

Frequency 


0.7 

4.0 

3.0 

MHz (min) 
MHz (max) 

fs 

Serial Data Clock (Sqlk) 

Frequency (Note 1 3) 

fc = 3 MHz, R/L = “0” 

183 


kHz (min) 

fc = 3 MHz, R/L= “1” 

622 


kHz (min) 

fc = 3 MHz, R/L = “0” or R/L = “1” 

2 

1.0 

MHz (max) 

Tc 

Conversion Time 

Not Including MUX Addressing and 
Analog Input Sampling Times 

■ 

41(1/#c) 
+ 200 ns 

(max) 

tCA 

Analog Sampling Time 

After Address is Latched,(^ = Low 


4.5(1/fs) 
+ 200 ns 

(max) 

tACC 

Access Time Delay from CS or OE 

Falling Edge to DO Data Valid 

OE = “0” 

100 

200 

ns (max) 

tSET-UP 

Set-up Time of ^ Falling 

Edge to Sclk Rising Edge 


75 

150 

ns (min) 

tlH. fOH 

Delay from OE or ^ Rising 

Edge to DO TRI-STATE 

Rl = 3kft,CL= 100 pF 

100 

120 

ns (max) 

fHDI 

Dl Hold Time from Sqlk Rising Edge 


0 

50 

ns (min) 

tSDI 

Dl Set-up Time to Sclk Rising Edge 


50 

100 

ns (min) 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = +5.0V, Vref = +4.6V, fs = 700 kHz, and fc = 3 MHz unless otherwise 
specified. Boldface limits apply for Ja = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 


Parameter 


Conditions 


Typical 

Limit 

Units 

(Note 8) 

(Note 9) 

(Limits) 


AC CHARACTERiSTICS (Continued) 


tHDO 

DO Hold Time from Sclk Falling Edge 

Rl = 30kn,CL = 100 pF 

' 70 

10 

ns (min) 

boo 

Delay from Sclk Falling 

Edge to DO Data Valid 

Rl = 30kn,CL= 100 pF 

150 

250 

ns (max) 

tRDO 

DO Rise Time 


Cl Q. 

o 
o o 

CO 1- 

II II 
-1 _» 
a: o 

TRI-STATE to High 

35 

75 

ns (max) 

Low to High 

75 

150 

ns (max) 

tPDO 

DO Fall Time 


. Rl = 30 kn, 
Cl = 100 pF 

TRI-STATE to Low 

35 

75 

ns (max) 

High to Low 

75 

150 

ns (max) 

C|N 

Input Capacitance 

Analog Inputs (CH0-CH7) 

50 


pF 

All Other Inputs 

7.5 


pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
; may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 4: When the input voltage (V|n) at any pin exceeds the power supplies {V|n < DGND, or V|n > Vcc) the current at that pin should be limited to 5 mA. The 
20 rnA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four pins. 
Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^JA and the ambient temperature, T^. The maximum 
allowable power dissipation at any temperature is Pq = (Tj^ax “ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125'’C. The typical thermal resistance (0 ja) of these parts when board mounted follow: ADC103i with GIN suffixes Tt'C/W, ADC1034 with CMJ 
suffixes 52“C/W, ADC1034 with GIN suffixes 54°G/W, ADG1034 with GIWM suffixes yO^G/W, ADG1038 with GMJ suffixes 53“G/W, ADG1 038 with GIN suffixes 
46'G/W, ADG1038 with GIWM suffixes 64°G/W. 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kft resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Databook section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25^0 and represent most likely parametric norm. 

Note 9: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 11: Two on-chip diodes are tied to each analog input. They will forward-rconduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause an input diode to conduct, especially at 
elevated temperatures, which will cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode; this means that as long as the 
analog V|m does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an unselected channel will corrupt the 
reading of a selected channel. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over 
temperature variations, initial tolerance and loading. 

Note 12: Ghannel leakage current is measured after the channel selection. 

Note 13: In order to synchronize the serial data exchange properly, BARS needs to go low after completion of the serial I/O data exchange. If this does not occur 
the output stiift register will be reset and the correct output data lost. The minimum limit for Sqlk will depend on Gclk frequency and whether right-justified or left- 
justified, and can be determined by the following equations: 

fs > (8.5/41) (fc) with right-justification (R/L = “1”) and fs > (2.5/41) (fc) with left-justification (R/L = “0”). 
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UNEARfTY ERROR (iLSB) POWER SUPPLY CURRENT (mA) 


Typical Performance Characteristics 


Power Supply Current 
(Ice) vs CcLK 



Ccij( FREQUENCY (Hz) 

Linearity Error vs 
CcLK Frequency 



Ccuc FREQUENCY (Hz) 


Power Supply Current (Ice) 
vs Ambient Temperature 



-60-40-20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (OC) 

Linearity Error vs 
Ambient Temperature 



-60 -40-20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE {<Ki) 


Zero Error vs 
Reference Voltage 



REFERENCE VOLTAGE (V) 


Reference Current (Iref) 
vs Ambient Temperature 



-60-40-20 0 20 40 60 80 100120140 
AMBIENT TEMPERATURE (®C) 


Linearity Error vs 
Reference Voitage 



REFERENCE VOLTAGE (V) 


TL/H/1 0556-5 
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Test Circuits 


tlH» toH 

TEST POINT 


ADC1038 DO 


I '' 

■ 4 - AAAr- 


-5.0V 




TL/H/ 10556-6 


Timing Diagrams 


DO except ^TRI-STATE” 

5.0V 



Leakage Current 



select 


TL/H/10556-8 


DO High to Low State 

- *FD0 



TL/H/10556-9 


DO Low to High State 

-*RD0 



TL/H/ 10556-10 


DO “TRI-STATE” Rise 
and Fall Times 


DO 1.2V — TRI-STATE ‘ 



Dl Data Input Timing 


^CLK 

-T 

n 


^SDI 


njui 


-^ET-UP 




Dl 



TL/H/10556-12 


DO Data Output Timing 



2-334 





Timing Diagrams (Continued) 


ADC1031 CS High during Conversion 


CcLK continuously enabled 


Analog 

Sampling Time - 

kA - ^*5 ScLK 


Conversion Time 
CcLK 


JXnJlJTJUUlJWJTJUI^^ 


D9XD8XD7XD6XD5XD4XD3XD2XD1XD0^ 


ADC1038/ADC1034 CS High during Conversion 


Cycle N_ 

(DO left- justified because R/L = "0" in cycle N-1) 


Cycle N+1 _ 

(DO right- justified because R/L = "1" In cycle N) 


Analog 

— "■ Sampling Time — 

kk = ^-5 ScLK 


Analog 

— ► Sampling Time ■" — 

tcA = 4.5 ScLK 






Timing Diagrams (Continued) 


ADC 1038/ADC 1034 CS Low Continuously 


Cycto N_. • 

(00 left- Justified because R/L = "0" in cycle N-1) 


tnalog 
pling Time 
-- ^*5 ScLK 


Cycle N+1_ 

(DO right- justified because R/C = "1" in cycle N) 


Analog 

pling Time ■* — 

= 4.5 ScLK 


“ ^A2\aiXao/r/lX 


rAZYAlYAoVA/ 


ResuK of Conversion N-1 


I Conversion Time | 

AICclk 

(Conversion must complete after DO Is clocked out) 


CcLK continuously enabled 


ResuR of Conversion N 

I 

I Conversion Time | 

AI.Cclk 

(Conversion must complete after DO Is clocked out) 

TL/H/ 10556- 16 


Multiplexer Address/Channel Assignment Tables 

ADC1038 




















ADC1038 Functional Block Diagram 
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1.0 Pin Descriptions 

^CLK The clock applied to this input controls the suc- 
cessive approximation conversion time interval. 
The clock frequency applied to this input can be 
between 700 kHz and 4 MHz. 

ScLK The serial data clock input. The clock applied to 
this input controls the rate at which the serial 
data exchange occurs apd the analog sampling 
time available to acquire an analog input voltage. 
The rising edge loads the Information on the Dl 
pin into the multiplexer address shift register (ad- 
dress register). This address controls which 
channel of the analog Input multiplexer (MUX) is 
selected. 

The falling edge shifts the data resulting from the 
previous A/D conversion out on DO. SS and ^ 
enable or disable the above functions. 

Di The serial data input pin. The data applied to this 

pin is shifted by Sclk into the multiplexer ad- 
dress register. The first 3 bits of data (A0-A2) 
are the MUX channel address (see the Multiplex- 
er Address/Channel Assignment tables). The 
fourth bit (R/L) determines the data format of the 
conversion result in the conversion to be started. 
When R/L is low the output data format is left- 
justified; when high it is right-justified. When right- 
justified, six leading “0”s are output on DO be- 
fore the MSB information; thus the complete con- 
version result is shifted out in 16 clock periods. 

DO The data output pin. The A/D conversion result 
(D0-D9).is output on this pin. This result can be 
lefL- or right-justified depending on the value of 
R/L bit shifted In on Dl. 

SARS This pin is an output and indicates the status of 
the internal successive approximation register 
(SAR). When high, it signals that the A/D conver- 
sion is in progress. This pin is set high after the 
analog input sampling time (tcA) and remains 
high for 41 Cclk periods. When SARS goes low, 
the output shift register has been loaded with the 
conversion result and another A/D conversion 
sequence can be started. 

The chip select pin. When a low is applied to this 
pin, the rising edge of Sqlk shifts the data on Dl 
into the address register. In the ADC1031 this pin 
also functions as the OE pin. 

^ The output enable pin. When OE and ^ are 
both low the falling edge of Sqlk shifts out the 
previous A/D conversion data on the DO pin. 

CHO- The analog inputs of the MUX. A channel input is 

CH7 selected by the address information at the Dl pin, 

which is loaded on the rising edge of Sqlk into 
the address register. 

Source impedances (Rs) driving these inputs 
should be kept below 1 kn. If Rs is greater than 
1 kn, the sampled data compjarator will not have 
enough time to acquire the correct vajue of the 
applied input voltage. 

The voltage applied to these inputs should not 
exceed Vcc or go below DGND or AGND by 
more than 50 mV. Exceeding this range on an 
unselected channel will corrupt the reading of a 
selected channel. 


Vref"^ The positive analog voltage reference for the an- 
alog inputs. In order to maintain accuracy the 
voltage range of Vref (Vref = Vref+ - 
Vref~) is 2.5 Vdc to 5.0 Vdc and the voltage at 
Vref"^ cannot exceed Vcc + 50 mV. In the 
ADC1031 Vref~ is always GND. 

Vref“ The negative voltage reference for the analog in- 
puts. in order to maintain accuracy the voltage at 
this pin must not go below DGND and AGND by 
more than 50 mV or exceed 40% of Vcc (tor Vcc 
= 5V. Vref~ (max) = 2V). In the ADC1031 
Vref~ is internally connected to the GND pin. 
Vcc The power supply pin. The operating voltage 
range of Vcc is 4.75 Vpc to 5.25 Vpc- Vcc 
should be bypassed with 10 juF and 0.1 jaF ca- 
pacitors to digital ground for proper operation of 
the A/D converter. 

DGND, The digital and analog ground pins for the 
AGND ADC1 034 and the ADCI 038. In order to maintain 
accuracy the voltage difference between these 
two pins must not exceed 300 mV. 

GND The digital and analog ground pin for the 
ADCI 031. 

2.0 Functional Description 

2.1 DIGITAL INTERFACE 

The ADCI 034 and ADCI 038 implement their serial inter- 
face via seven digital control lines. There are two clock in- 
puts for the ADCI 034/ADC1 038. The Sclk controls the 
rate at which the serial data exchange occurs and the dura- 
tion of the analog sampling time window. The Cclk controls 
the conversion time and must be continuously enabled. A 
low on CS enables the rising edge of Sclk to shift in the 
serial multiplexer addressing data on the Dl pin. The first 
three bite of this data select the analog input channel for the 
ADCI 038 and the ADCI 034 jsee the Channel Addressing 
Tables). The following bit, R/L, selects the output data for- 
mat (right-justjfied or left-justified) for the conversion to be 
started. With CS and OE low the DO pin is active (out of 
TRI-STATE) and the falling edge of Sclk shifts out the data 
from the previous analog conversion. When the first conver- 
sion is started the data shifted out on DO is erroneous as it 
depends on the state of the Parallel Load 16-Bit Shift Regis- 
ter on power up, which is unpredictable. 

The ADCI 031 implements its serial interface with only four 
control pins since it has only one analog Input and comes in 
an eight pin mini-dip package. The Sclk. Cclk. CS and DO 
pins are available for the serial interface. The output data 
format cannot be selected and .defaults to a left-justified 
format. The state of DO is controlled by ^ only. 

2.2 OUTPUT DATA FORMAT 

When R/L is low the output data format is left-justified; 
when high it is right-justified. When right-justified, six leading 
“0”s are output on DO before the MSB, and the complete 
conversion result Is shifted out in 16 clock periods. 

2.3.0 ^ HIGH DURING CONVERSION 

With a continuous Sclk input, CS must be used to synchro- 
nize the serial data exchange. A valid CS is recognized if it 
occurs at least 100 ns (tsET-UP) before the rising edge of 
Sclk. fbus causing data to be input on Dl. If this does not 
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2.0 Functional Description (Continued) 

occur there will be an uncertainty as to which Sclk rising 
edge, will clock in the first bit of data. CS mus t remain low 
during the complete I/O exchange. Also, ^ needs to be 
low if data from the previous conversion needs to be ac- 
cessed. 

2.3.1 ^ LOW CONTINUOUSLY 

Another way to accomplish synchronous serial communica- 
tion is to tie CS low continuously and use SARS and Sclk to 
synchronize the serial data exchange. Sclk can be disabled 
low during the conversion time and enabled after SARS 
goes low. With CS low during the conversion time a zero will 
remain on DO until the conversion is completed. Once the 
conversion is complete, the falling edge of SARS will shift 
out on DO the MSB before Sclk 'S enabled. This MSB 
would be a leading zero if right-justified or D9 if left-justified. 
The rest of the data will be shifted out once Sclk >s enabled 
as discussed previously. If ^ goes high during the conver- 
sion sequence DO is put into TRI-STATE, and the conver- 
sion result is not affected so long as CS remains high until 
the end of the conversion. 

2.4 TYING Sclk and Cclk TOGETHER 

Sclk and Cclk can be tied together. The total conversion 
time will increase because the maximum clock frequency is 
now 1 MHz. The timing diagrams and the serial I/O ex- 
change time (10 Sclk cycles) remain the same, but the con- 
version time (Tc = 41 Cclk cycles) lengthens from a mini- 
mum of 14 /Lis to a minimum of 41 jas. In the case where CS 
is low continuously, since the applied clock cannot be dis- 
abled, SARS must be used to synchronize the data output 
on DO and initiate a new conversion. The falling edge of 
SARS sends the MSB information out on DO. The next ris- 
ing edge of the clock shifts In MUX address bit A2 on Dl. 
The following clock falling edge will clock the next data bit 
of information out on DO. A conversion will be started after 
MUX addressing information has been loaded in (3 more 
clocks) and the analog sampling time (4.5 clocks) h^ 
elapsed. The ADC1031 does not have SARS. Therefore, CS 
cannot be left low continuously on the ADC1031. 


An acquisition window of 4.5 Sclk cycles is available to 
allow the ladder capacitance to settle to the analog input 
voltage. Any change in the analog voltage before or after 
the acquisition window will not effect the A/D conversion 
result. 

In the most simple case, the ladder’s acquisition time is de- 
termined by the Ron (9 ka) of the multiplexer switches, the 
Csi (3.5 pF) and the total ladder (Cl) and stray (Csa) capac- 
itance (48 pF). For large source resistance the analog Input 
can be modeled as an RC network as shown in Figure 1. 
The values shown yield an acquisition time of about 3 jus for 
10 bit accuracy with a zero to a full scale change in the 
reading. External source resistance and capacitance will 
lengthen the acquisition time and should be accounted for. 
The curve “Signal to Noise Ratio vs Output Frequency” 
(Figure 2) gives an indication of the usable bandwidth of the 
ADC1031/ADC1034/ADC1038. The signal to noise ratio of 
an ideal A/D is the ratio of the RMS value of the full scale 
input signal amplitude to the value of the total error ampli- 
tude (including noise) caused by the transfer function of the 
A/D. An ideal 10 bit A/D converter with a total unadjusted 
error of 0 LSB would have a signal to noise ratio of about 
62 dB, which can be derived from the equation: 

S/N = 6.02(N) + 1.8 

where S/N is in dB and N is the number of bits. Figure 2 
shows the signal to noise ratio vs. Input frequency of a typi- 
cal ADC1 031/4/8 with y 2 LSB total unadjusted error. The 
dotted lines show signal-to-noise ratios for an ideal (noise- 
less) 10 bit A/D with 0 LSB error and an A/D with a 1 LSB 
error. 

The sample-and-hold error specifications are included In the 
error and timing specifications of the A/D. The hold step 
and gain error sample/hold specs are taken into account in 
the ADC1031/4/8’s total unadjusted error specification, 
while the hold settling time is Included in the A/D’s maxi- 
mum conversion time specification. The hold droop rate can 
be thought of as being zero since an unlimited amount of 
time can pass between a conversion and the reading of 
data. However, once the data is read it is lost and another 
conversion Is started. 


3.0 Analog Considerations 

3.1 THE INPUT SAMPLE AND HOLD 

The ADC1031/4/8’s sample/hold capacitor is implemented 
in Its capacitive ladder structure. After the channel address 
is received, the ladder is switched to sample the proper ana- 
log input. This sampling mode is maintained for 4.5 Sclk 
cycles after the multiplexer addressing information is loaded 
in. For the ADC1 03 1/4/8, the sampling of the analog Input 
starts on Sqlk’s 4th rising edge. 



3.2 INPUT FILTERING 


Due to the sampling nature of the analog input, transients 
will appear on the input pins. They are caused by the ladder 
capacitance and internal stray capacitance charging current 
flowing Into V|n. These transients will not degrade the A/D’s 
performance if they settle out within the sampling window. 
This will occur if external source resistance is kept to a mini- 
mum. 


I 
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Nolta Ratio va Input Fraguancy 



2-339 


ADC1031/ADC1034/ADC1038 




ADC1031/ADC1034/ADC1038 


3.0 Analog Considerations (Continued) 


External Reference 2.5V Full Scale 


VinW- 

CH0-CH7 

''in(-)— ^ 

AGND 

1.2l< IT 



Vref* 

LM385-2.5 2 



Vref" 

— 



TL/H/1 0556-20 


Power Supply as Reference 


VinC*) 

CH0-CH7 

Vin(-)— ^ 

AGND 

5V 

Vref* . 

• _c- 

Vref" 

— 



TL/H/10556-21 


FIGURE 3. Analog Input Options 


Input Not Referred to GND 



ground 


3.3 REFERENCE AND INPUT 

The two Vref inputs of the ADC1031 /4/8 are fully differen- 
tial and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog Input since this range will be equivalent to the 
voltage difference between Vref-I* and Vref“- By reduc- 
ing Vref (Vref = Vref-i- - Vref“) to less than 5V, the 
sensitivity of the converter can be Increased (i.e., If Vref = 
2V then 1 LSB = 1.95 mV). The input/ reference arrange- 


Power Supply Bypassing 



ment also facilitates ratiometric operation and in many 
cases the chip power supply can be used for transducer 
power as well as the Vref source. 

This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at Vref- sets the 
input level which produces a digital output of all zeros. 
Though V|n is not itself differential, the reference design 
allows nearly differential-input capability for many measure- 
rinent applications. Figure 3 shows some of the configura- 
tions that are possible. 

The ADC1031 has no Vref“ pin. Vref" 's Internally tied to 
GND. 
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Protecting the Analog Inputs 


+5V 



♦5V 



TL/H/10556-25 


Zero-Shift and Span-Adjust (2V ^ V|n ^ 4.5V) 



TL/H/10556-27 
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National Semiconductor 

ADC10731/ADC10732/ADC10734/ADC10738 
10-Bit Pius Sign Seriai i/0 A/D Converters 
with Mux, Sample/Hoid and Reference 

General Description 

This series of CMOS 10-bit plus sign successive approxima- 
tion A/D converters features versatile analog input multi- 
plexers, sample/ hold and a 2.5V band-gap reference. The 
1-, 2-, 4-, or 8-channel multiplexers can be software config- 
ured for single-ended or differential mode of operation. 

An input sample/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the 
analog input to vary during the A/D conversion cycle. 

In the differential mode, valid outputs are obtained even 
when the negative inputs are greater than the positive be- 
cause of the 10-bit plus sign output data format. 

The serial I/O is configured to comply with the NSC 
MICROWIREtm serial data exchange standard for easy in- 
terface to the COPSTM and HPCtm families of controllers, 
and can easily interface with standard shift registers and 
microprocessors. 

Applications 

■ Medical instruments 

■ Portable and remote instrumentation 

■ Test equipment 


ADC10738 Simplified Block Diagram 

CLK W PD SARS I DO 


Dl 


CHO 

CHI 

CH2 

CH3 

CH4 
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CH7 

COM 

AV+ 

AGND 
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TL/H/1 1390-1 
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2.5V BAND-GAP 
REFERENCE 


11 -BIT SAR 
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OUTPUT 
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Features 

■ OV to 5V analog Input range with single 5V power 
supply 

■ Serial I/O (MICROWIRE compatible) 

■ 1-, 2-, 4-, or 8-channel differential or single-ended 
multiplexer 

■ Software or hardware power down 

■ Analog input sample/hold function 

■ Ratiometric or absolute voltage referencing 

■ No zero or full scale adjustment required 

■ No missing codes over temperature 

■ TTL/CMOS input/output compatible 

■ Standard DIP and SO packages 


Key Specifications 

■ Resolution 

■ Single supply 

■ Power dissipation 

— In powerdown mode 

■ Conversion time 

■ Sampling rate 

■ Band-gap reference 


10 bits plus sign 
5V 

37 mW (Max) 
18 /xW 
5 jxs (Max) 
74 kHz (Max) 
2.5V ±2% (Max) 
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Connection Diagrams for Duai-in-Line and SO Packages 



See NS Package Number N16E or M16B tl/h/i 1390-4 

Top View 

See NS Package Number N20A or M20B 



See NS Package Number N20A or M20B tl/h/i 1390-5 

Top View 

See NS Package Number N24A or M24B 


Connection Diagram for the SSOP Package 


Ordering Information 


Industrial Temperature Range 
-40X ^ Ta ^ +85“C 

Package 

ADC10731CIN 

ADC10731CIWM 

ADC10732CIN 

ADC10732CIWM 

ADC10734CIMSA 

ADC10734CIN 

ADC10734CIWM 

ADC10738CIN 

ADC10738CIWM 

N16E 

M16B 

N20A 

M20B 

MSA20 

N20A 

M20B 

N24A 

M24B 



TL/H/1 1390-34 

See NS Package Number MSA20 
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ADC10731/ADC10732/ADC10734/ADC1 


CO 


Absolute Maximum Ratings (Notes i & 3) 

If Military/Aerospace specified devices are required, 
piease contact the Nationai Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ = AV+ = DV+) 6.5V 

Total Reference Voltage (Vref"^ -Vref*^) 6-5V 

Voltage at Inputs and Outputs V+ + 0.3V to -0.3V 

Input Current at Any Pin (Note 4) 30 mA 

Package Input Current (Note 4) 120 mA 

Package Dissipation at Ta = 25‘’C (Note 5) 500 mW 

ESD Susceptability (Note 6) 

Human Body Model 2500V 

Machine Model 150V 

Soldering Information 

N packages (10 seconds) 260®C 

SO Package (Note 7) 

Vapor Phase (60 seconds) 2 1 5*C 

Infrared (1 5 seconds) 220^0 

Storage T emperature - 40“C to + 1 50“C 


Operating Ratings (Notes 2 and 3) 

Operating Temperature Range T^iN ^ Ta ^ Tmax 


ADC10731CIN, ADC10731CIWM, 

ADC10732CIN, ADC10732CIWM, 

ADC10734CIN, ADC10734CIWM, 

ADC10734CIMSA, ADC10738CIN. 

ADC10738CIWM -40‘’C ^ Ta ^ +85‘’C 

Supply Voltage (V + = AV + = DV + ) + 4.5V to + 5.5V 
Vref+ AV+ + 50 mV to -50 mV 

Vref" AV+ +50mVto-50mV 

Vref(Vref+-Vref-) +0.5VtoV+ 


Eiectricai Characteristics 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref = 2.5Vdc. Vref“ = GND, V|n“ = 2.5V for 
Signed Characteristics, V|n“ = GND for Unsigned Characteristics and fciK == 2.5 MHz unless otherwise specified. Boldface 
limits apply for Ta = Tj = Tum to Tmax* a** Ta = Tj = +25®C. (Notes 8, 9 and 10) 


Symbol 

Parameter 

Conditions 

Typical 

Limits 

Units 

(Note 11) 

(Note 12) 

(Limits) 

SIGNED STATIC CONVERTER CHARACTERISTICS 


Resolution with No Missing Codes 



10 + Sign 

Bits 

TUE 




±2.0 

LSB(max) 

INL 

Positive and Negative Integral 
Linearity Error 



± 1.25 



Positive and Negative 

Full-Scale Error 




LSB(max) 


Offset Error 



±1.5 

LSB(max) 


Power Supply Sensitivity 






Offset Error 

V+ = +5.0V ±10% 

±0.2 

±1.0 

LSB(max) 


+ Full-Scale Error 


±0.2 

±1.0 

LSB(max) 


- Full-Scale Error 


±0.1 

±0.75 

LSB(max) 


DC Common Mode Error (Note 1 4) 

Vin"*" “ V||si~ = V|N where 
5.0V ^ V|N ^ OV 

±0.1 

±0.33 

LSB(max) 


Multiplexer Channel to 

Channel Matching 

' 

±0.1 


LSB 
































Electrical Characteristics (continued) 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref*^ = 2.5Vdc. Vref“ = GND, V|n“ = 2.5V for 
Signed Characteristics, V|n“ = GND for Unsigned Characteristics and fcLK = 2.5 MHz unless otherwise specified. Boldface 
limits apply for = Tj = Tmin ^max; all other limits Ta = Tj = +25°C. (Notes 8, 9 and 10) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 11) 

Limits 
(Note 12) 

Units 

(Limits) 

UNSIGNED STATIC CONVERTER CHARACTERISTICS 


Resolution with No Missing Codes 



10 

Bits 

TUE 

Total Unadjusted Error (Note 1 3) 

Vref+ = 4.096V 

±0.75 


LSB 

INL 

Integral Linearity Error 

Vref+ = 4.096V 

±0.50 


LSB 


Full-Scale Error 

Vref+ = 4.096V 


±1.25 

LSB(max) 


Offset Error 

Vref"^ = 4.096V 


±1.25 

LSB(max) 


Power Supply Sensitivity 

Offset Error 

Full-Scale Error 

V+ = +5.0V ±10% 

Vref+ = 4.096V 

±0.1 

±0.1 


LSB 

LSB 


DC Common Mode Error (Note 14) 

ViN"^ = V|N~ = V|N 
where +5.0V ^ V|n ^ OV 

±0.1 


LSB 


Multiplexer Channel to Channel Matching 

Vref+ = 4.096V 

±0.1 


LSB 

DYNAMIC SIGNED CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus Distortion Ratio 

V|[\j = 4.85 Vpp, 

and f|N = 1 kHz to 1 5 kHz 

67 


dB 

ENOB 

Effective Number of Bits 

V|N = 4.85 Vpp, 

and f|N = 1 kHz to 1 5 kHz 

10.8 


Bits 

THD 

Total Harmonic Distortion 

V|N = 4.85 Vpp, 

and f|N = 1 kHz to 15 kHz 

-78 


dB 

IMD 

Intermodulation Distortion 

V|N = 4.85 Vpp, 

and f|N = 1 kHz to 1 5 kHz 

-85 


dB 


Full-Power Bandwidth 

V|N = 4.85 Vpp, where 

S/(N ± D) Decreases 3 dB 

380 


kHz 


Multiplexer Channel to Channel Crosstalk 

flN = 15 kHz 

-80 


dB 
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Electrical Characteristics (Continued) 

^ The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref"*" = 2.5Vdc, Vref“ = GND, Vim- = 2.5V for 
Q Signed Characteristics, Vin~ = GND for Unsigned Characteristics and fcLK = 2.5 MHz unless otherwise specified. Boldface 
< limits apply for Ta = T 4 = Thin to T||ax> o^^ier limits Ta = Tj = +25°C. (Notes 8, 9 and 10) (Continued) 


Parameter 


O DYNAMIC UNSIGNED CONVERTER CHARACTERISTIC 


S/(N + D) Signal-to-Nolse Plus Distortion Ratio 


Effective Bits 


Total Harmonic Distortion 


Intermodulation Distortion 


Full-Power Bandwidth 




Vref+ = 4.096V, 

I V|N = 4.0 Vpp, and 
fiM =1 kHz to 15 kHz 


Vref+ = 4.096V, 

V(N = 4.0 Vpp, and 
fiN = 1 kHztolSkHz 


V,N = 4.0 Vpp, 

Vref+ = 4.096V, 

where S/(N + D) decreases 3 dB 


Multiplexer Channel to Channel Crosstalk f|N = 15 kHz, 
VrEf+ = 4.096V 

REFERENCE INPUT AND MULTIPLEXER CHARACTERISTICS 

Reference Input Resistance 

Cref Reference input Capacitance 

MUX input Voltage 

C|M MUX Input Capacitance 




-50 

+ 50 mV 


kCt 

kn(min) 

kft(max) 

PF 

mV(min) 

(max) 

pF 















Electrical Characteristics (Continued) 

The following specifications apply for V+ = A\/+ = DV+ = +5.0 Vdc. Vref"^ = 2.5Vdc. Vref~ = GND, V|n~ = 2.5V for 
Signed Characteristics, V|n“ = GND for Unsigned Characteristics and fcLK = 2.5 MHz unless otherwise specified. Boldface 
limits apply for = Tj = Tmin TmAXi other limits = Tj = + 25“C. (Notes 8, 9 and 1 0) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 11) 

Limits 
(Note 12) 

Units 

(Limits) 

REFERENCE CHARACTERISTICS 

VREpOut 

Reference Output Voltage 


2.5V ±0.5% 

2.5V ±2% 

V(max) 

AVref/AT 

VpEpOut Temperature Coefficient 


±40 


ppm/“C 

AVref/AIl 

Load Regulation, Sourcing 

0 mA ^ II ^ +4 mA 

±0.003 

±0.05 

%/mA(max) 

AVref/AIl 

Load Regulation, Sinking 

0 mA ^ II ^ -1 mA 

±0.2 

±0.6 



Line Regulation 

5V ±10% 

±0.3 

±2.5 

mV(max) 

isc 

Short Circuit Current 

VREpOut = OV 

13 

22 

mA(max) 


Noise Voltage 

10 Hz to 10 kHz, Cl = 100 juF 

5 


/xV 

AVREp/At 

Long-term Stability 


±120 


ppm/kHr 

tsu 

Start-Up Time 

Cl = lOOjbtF 

100 


ms 

DIGITAL AND DC CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

V+ = 5.5V 


2.0 

V(min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5 V 


0.8 

V(max) 

•lN(1) 

Logical “1 ” Input Current 

V|N = 5.0V 

0.005 

+ 2.5 

juiA(max) 

l|N(0) 

Logical “0” Input Current 

V,N = OV 

-0.005 

-2.5 

juA(max) 

V0UT(1) 

Logical “1 ” Output Voltage 

V+ = 4.5V, louT = -360 iiA 
V+ =4.5V,!out= -lOjuA 


2.4 

4.5 

V(min) 

V(min) 

VOUT(O) 

Logical “0” Output Voltage 

V+ =4.5V, louT= 1.6 mA 


0.4 

V(min) 


TRI-STATE Output Current 

Vqut = OV 

VoUT = 5V 

HjBSHH 

■BSOHI 

-3.0 

+ 3.0 

/xA(max) 

jaA(max) 


Output Short Circuit Source 

Current 


ibeii 

-15 

mA(min) 

-•sc 

Output Short Circuit Sink Current 

VoUT= V+ = 4.5V 

30 

15 

mA(min) 

•d+ 

Digital Supply Current 
(Note 17) 

CS = HIGH, Power Up 

CS = HIGH, Power Down 

CS = HIGH, Power Down, 
and CLKOff 

0.9 

0.2 

0.5 • 

1.3 

0.4 

50 

mA(max) 

mA(max) 

jLiA(max) 

•a+ 

Analog Supply Current 
(Note 17) 

^ = HIGH. Power Up 
^ = HIGH, Power Down 

2.7 

3 

6.0 

15 

mA(max) 

/xA(max) 

•ref 

Reference Input Current 

Vref+ = + 2.5V and 

CS = HIGH, Power Up 


0.6 

mA(max) 
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Electrical Characteristics (continued) 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref"^ = 2.5Vdc. Vref“ = GND, V|n” = 2.5V for 
Signed Characteristics, V|n- = GND for Unsigned Characteristics and fcLK = 2.5 MHz unless otherwise specified. Boldface 
limits apply for = Tj = Tmin to Tmax'> other limits Ta = Tj = +25‘’C, (Note 16) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 11) 

Limits 
(Note 12) 

Units 

(Limits) 

AC CHARACTERISTICS 

tCLK 

Clock Frequency 


3.0 

5 

2.5 

MHz(max) 

kHz(min) 


Clock Duty Cycle 



40 

60 

%(min) . 
%(max) 


Conversion Time 


12 

5 

12 

5 

Clock 

Cycles 

jLis(max) 

tA 

Acquisition Time 





tscs 

^ Set-Up Time, Set-Up Time from Falling Edge of 
CS to Rising Edge of Clock 


14 

(1 fCLK 
- 14 ns) 

30 

(ItcLK 
-30 ns) 

ns(min) 

(max) 

tSDI 

Dl Set-Up Time, Set-Up Time from Data Valid on 

Dl to Rising Edge of Clock 


16 

25 

ns(mln) 

tHDI 

Dl Hold Time, Hold Time of Dl Data from Rising 

Edge of Clock to Data not Valid on Dl 


2 

25 

ns(min) 

tAT 

DO Access Time from Rising Edge of CLK When 

CS is “Low" during a Conversion 


30 

50 

ns(min) 

tAC 

DO or SARS Access Time from US, Delay from 
Falling Edge of CS to Data Valid on DO or SARS 


30 

70 

ns(max) 

toSARS 

Delay from Rising Edge of Clock to Falling Edge of 
SARS when CS is “Low” 


100 

200 

ns(max) 

tHDO 

DO Hold Time, Hold Time of Data on DO after 

Falling Edge of Clock 


20 

35 

ns(max) 

tAD 

DO Access Time from Clock, Delay from Falling 

Edge of Clock to Valid Data of DO 


40 

80 

ns(max) 

tiH.toH 

Delay from Rising Edge of ^ to DO or SARS 
TRI-STATE 


40 

50 

ns(max) 

toes 

Delay from Falling Edge of Clock to Falling Edge of 
CS 


20 

30 

ns(min) 

tcS(H) 

Us “HIGH” Time for A/D Reset after Reading of , 
Conversion Result i 


1 CLK 

1 CLK 

cycle(min) 

tCS(L) 

ADC1 0731 Minimum CS “Low” Time to Start a 
Conversion j 


1 CLK 

1 CLK 

cycle(min) 

tsc 

Time from End of Conversion to CS Going “Low” 


5 CLK 



tpD 

Delay from Power-Down command to 10% of 
Operating Current 


1 



tpc 

Delay from Power-Up Command to Ready to Start 
a New Conversion 


10 



C|N 

Capacitance of Logic Inputs 


7 



Gout 

Capacitance of Logic Outputs 


12 


pF 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifcations and 
test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may 
degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND, unless otherwise specified. 

Note 4: When the input voltage (V{n) at any pin exceeds the power supplies (V|n < GND or V||sj > AV+ or DV+), the current at that pin should be limited to 30 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 
Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax- ^JA ^nd the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tj^ax ~ Ta)/0ja or the number given In the Absolute Maximum Ratings, whichever is lower. For this 
device, Tj^ax = 1 SO^C. The typical thermal resistance (Oja) of these Paris when board mounted can be found in the following table: 


Part Number 

Thermal Resistance 

Package Type 

ADC10731CIN 

82°C/W 

N16E 

ADC10731CIWM 

90’C/W 

M16B 

ADC10732CIN 

47“C/W 

N20A 

ADC10732CIWM 

80’C/W 

M20B 

ADC10734CIMSA 

134“C/W 

MSA20 

ADC10734CIN 

47*C/W 

N20A 

ADC10734CIWM 

80'C/W 

M20B 

ADC10738CIN 

60’C/W 

N24A 

ADC10738CIWM 

75’C/W 

M24B 


Note 6: The human body model is a 100 pF capacitor discharged through a 1.5 kft resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 

Note 7: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titied “Surtace Mount" found in any post 1986 National 
Semiconductor Linear Data Book for other methods of soldering surtace mount devices. 

Note 8: Two on-ohip diodes are tied to each analog input as shown below. They will forward-conduct for analog input voltages one diode drop below ground or one 
diode drop greater than V+ supply. Be careful during testing at low V+ levels (+4.5V), as high level analog inputs (+5V) can cause an input diode to conduct, 
especially at elevated temperatures, which will cause errors In the conversion result. The specification allows 50 mV forward bias of either diode; this means that as 
long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an unselected channel will 
corrupt the reading of a selected channel. If AV+ and DV+ are minimum (4.5 Vdc) and full scale must be ^ +4.55 Voq. 


AV+ 



Note 9: No connection exists between AV+ and DV+ on the chip. 

To guarantee accuracy, it is required that the AV+ and DV+ be connected together to a power supply with separate bypass filter at eacn V+ pin. 

Note 10: One LSB is referenced to 10 bits of resolution. 

Note 11: Typicals are at Tj = Ta = 25'’C and represent most likely pararmetric norm. 

Note 12: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 13: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 14: The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels shorted together. 
Note 15: Channel leakage current is measured after the channel selection. 

Note 16: All the timing specifications are tested at the TTL logic levels, Vil = 0.8V for a falling edge and V|h = 2.0V for a rising. TRI-STATE voltage level is forced 
to 1.4V. 

Note 17: The voltage applied to the digital inputs will affect the current drain during power down. These devices are tested with CMOS logic levels (logic Low = OV 
and logic High = 5V). TTL levels increase the current, during power down, to about 300 jaA. 
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Electrical Characteristics (Continued) 



TRANSITION 

ANALOG INPUT VOLTAGE (V,n = V,f^(+) - V|f^(-)) 

''ref = " %f(") 

TL/H/1 1390-8 


FIGURE 1 A. Transfer Characteristic 


V|n(-)>v,n(+) 



NEGATIVE INPUT RANGE 


■ +2LSB 


+ 1 LSB 



-USB 


POSITIVE INPUT RANGE 


-2 LSB 

-3 LSB 


OUTPUT CODE 
(from -1024 to +1023) 


v,nW>v,n(-) 


FIGURE IB. Simplified Error Curve vs Output Code 


TL/H/11 390-26 


2-350 



Leakage Current Test Circuit 


+5V 



TL/H/1 1390-9 

Typical Performance Characteristics 


Analog Supply Current (Ia+ ) 



•55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (<>0 


Analog Supply Current (Ia + ) 
vs Clock Frequency 



! 
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■ 
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1 
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I 
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1 
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100 1000 10000 
CLOCK FREQUENCY (kHz) 


Digital Supply Current (Id+) 
vs Temperature 



TEMPERATURE (®C) 


Digital Supply Current (Iq + ) 
vs Clock Frequency 



100 1000 10000 
CLOCK FREQUENCY (kHz) 


Offset Error 
vs Reference Voltage 



AV* = DV* = +5.0V 
Vref' = GNO 
f/'i ^ — 2.5 MHz 

\ 


Ta = 2 

50c 













0 1 2 3 4 5 

REFERENCE VOLTAGE (V) 


Offset Error 
vs Temperature 


AV* = DV* = +5V 
Vref" = ♦•096V 
Vn,r- = GND 






K = 



2.5 

MH] 







— 









1 









-55-35-15 5 25 45 65 85 105125 


TEMPERATURE (®C) 


TL/H/1 1390-33 
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Typical Performance Characteristics (Continued) 


Linearity Error 
vs Clock Frequency 



CLOCK FREQUENCY (kHz) 

10-Bit Unsigned 
Signal-to-Noise + THD Ratio 
vs Input Signal Level 

AV* = DV* = +5,0V 
= +4.096V 
V s s GND 

SAMPLING RATE = 70 kHz ' ^ 

frie = 2.5 MHz 



-30 -25 -20 -15 -10 -5 0 

INPUT SIGNAL LEVEL (dfl) 


Linearity Error 
vs Reference Voltage 



REFERENCE VOLTAGE (V) 


Spectral Response with 
34 kHz Sine Wave 

20 I 1 

AV*" = DV* = +5.0V 

0 Vorr* = 4.096V 1 

Vppp- = GND 1 





5 10 15 20 25 30 35 

FREQUENCY (kHz) 


Linearity Error 
vs Temperature 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (OC) 


Power Bandwidth Response 

with 380 kHz Sine Wave 

\ — — — 

AV+ = DV+ = +5.0V 

0 VgE-p* = 4.096V —I 

VpEp- = GND 

-20 f_.. = 2.5 MHz 





50 100 150 200 250 300 350 400 
FREQUENCY (kHz) , 


Typical Reference Performance Characteristics 


Load Regulation 


Line Regulation 


Output Drift 
vs Temperature 
(3 Typical Parts) 
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TRI-STATE Test Circuits and Waveforms 



DATA 
■ OUTPUT 


TL/H/1 1390-10 


V+ V+ 



DATA 

OUTPUT 


TL/H/1 1390-12 




Timing Diagrams 


CLK r 

*SDI “ 

^CS 

n_ 

n-TLTLrLn 

^DI 


!I MA 

3 

^HDI 

^SDI 

^ MA2 


DO TRI-STATE — 

FIGURE 2. Dl Timing 


TL/H/1 1390-14 


" jijnjnj^ljnunnjnj'ljnjnjn 







Timing Diagrams (Continued) 


jnjijnjnjnjnJiJijnjTjnjn 


FIGURE 4. Delayed DO Timing 


JnjnjnjTJijnjnjiJTjnjn^ 
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Timing Diagrams (Continued) 
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FIGURE 8. ADC10732, ADC10734 and ADC10738 CS Low during Conversion 

Note: If CS is low during power up of the power supply voltages (AV+ and DV+) then CS needs to go high for tcs(H)- The data output after the first conversion is not valid. 
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TABLE I. ADC10738 Multiplexer Address Assignment 



TABLE II. ADC10734 Multiplexer Address Assignment 


MUX Address 

Channel Number 


MAO 

MAI 

MA2 

MA3 

MA4 






MUX 

PU 

SING/ 

ODD/ 

SEL1 

SELO 

CHO 

CHI 

CH2 

CH3 

COM 

MODE 

DIFF 

SIGN 







1 

1 

0 

0 

0 

+ 




- 


1 

1 

0 

0 

1 



+ 


_ 

Single-Ended 

1 

1 

1 

0 

0 


+ 


- 

1 

1 

1 

0 

1 




+ 

- 


1 

0 

0 

0 

0 

+ 

- 





1 

0 

0 

1 

0 

1 



+ 

- 


Differential 

1 

0 

0 

0 

— 





1 

0 

1 

0 

1 



- 

+ 



0 

X 

X 

X 

X 

Power Down (All Channels Disconnected) 


TABLE III. ADC10732 Multiplexer Address Assignment 


MUX Address 

Channel Number 


MAO 

BOSH 

MA2 

MA3 

MA4 




MUX 

PU 


ODD/ 

SEL1 

SELO 

CHO 

CHI 

COM 

MODE 


SIGN 





1 

1 

0 

0 

0 

+ 


_ 


1 

1 

1 

0 

0 



- 

Single-Ended 

1 

0 

0 

0 

0 

+ 

- 


Differential 

1 

0 

1 

0 

0 


+ 



0 

X 

X 

X 

X 

Power Down (All Channels Disconnected) 
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Pin Descriptions 

CLK The clock applied to this input controls the suc- 
cessive approximation conversion time interval, 
the acquisition time and the rate at which the 
serial data exchange occurs. The rising edge 
loads the information on the Dl pin into the mul- 
tiplexer address shift register. This address con- 
trols which channel of the analog input multi- 
plexer (MUX) is selected. The falling edge shifts 
the data resulting from the A/D conversion out 
on DO. CS enables or disables the above func- 
tions. The clock frequency applied to this input 
can be between 5 kHz and 3 MHz. 

Dl This is the serial data input pin. The data applied 

to this pin is shifted by CLK into the multiplexer 
address register. Tables I through III show the 
multiplexer address assignment. 

DO The data output pin. The A/D conversion result 

(DBO-SIGN) are clocked out by the failing edge 
of CLK on this pin. 

^ This is the chip select input pin. When a logic 

low is applied to this pin, the rising edge of CLK 
shifts the data on Dl into the address register. 
This low also brings DO out of TRI-STATE after 
a conversion has been completed. 

PD This is the power down input pin. When a logic 

high is applied to this pin the A/D is powered 
down. When a low is applied the A/D is pow- 
ered up. 

SARS This is the successive approximation register 
status output pin. V^en CS is high this pin is in 
TRI-STATE. With CS low this pin is active high 
when a conversion is in progress and active low 
at all other times. 


CH0-CH7 These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the Dl pin, which is loaded on the ris- 
ing edge of CLK into the address register (see 
Tables l-lll). 

The voltage applied to these inputs should not 
exceed AV+ or go below GND by more than 
50 mV. Exceeding this range on an unselected 
channel will corrupt the reading of a selected 
channel. 

COM This pin is another analog Input pin. It can be 
used as a “pseudo ground” when the analog 
multiplexer is single-ended. 

Vref"^ This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range Vref (Vref = Vref+-Vref-) is 
0.5 Vdq to 5.0 Vdc snd the voltage at Vref*^ 
cannot exceed AV+ +50 mV. 

Vref“ The negative voltage reference input. In order to 
maintain accuracy, the voltage at this pin must 
not go below GND - 50 mV or exceed AV+ 
+ 50 mV. 

AV+, 

DV+ These are the analog and digital power supply 
pins. These pins should be tied to the same 
power supply and bypassed separately. The op- 
erating voltage range of AV+ and DV+ is 
4.5 Vdc fo 5.5 Vdc- 

DGND This is the digital ground pin. 

AGND This is the analog ground pin. 
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Applications Hints 

The ADC1 0731/2/4/8 use successive approximation to 
digitize an analog input voltage. The DAC portion of the A/D 
converters uses a capacitive array and a resistive ladder 
structure. The structure of the DAC allows a very simple 
switching scheme to provide a versatile analog input multi- 
plexer. This structure also provides a sample/hold. The 
ADC1 0731/2/4/8 have a 2.5V CMOS bandgap reference. 
The serial digital I/O interfaces to MICROWIRE and 
MICROWIRE+. 

1.0 DIGITAL INTERFACE 

There are two modes ^operation. The fastest throughput 
rate is obtained when CS is kept low during a conversion. 
The timing diagrams in Figures 7 and 8 show the operation 
of the devices in this mode. CS must be taken high for at 
least tcs(H) (1 CLK) between conversions. This is necessary 
to reset the internal logic. Figures 9 and 10 show the opera- 
tion of the devices when CS_is taken high while the 
ADC1 0731/2/4/8 is converting. CS may be taken high dur- 
ing the conversion and kept high indefinitely to delay the 
output data. This mode simplifies the interface to other de- 
vices while the ADC1 0731/2/4/8 is busy converting. 

1.1 Getting Started with a Conversion 

The ADC1 0731/2/4/8 need to be initialized after the power 
supply voltage is ap^d. If CS is low when the supply volt- 
age is applied then CS needs to be taken high for at least 
fcs(H) (■> clock period). The data output after the first con- 
version is not valid. 

1.2 Software and Hardware Power Up/Down 

These devices have the capability of software or hardware 
power down. Figures 5 and 6 show the timing diagrams for 
hardware and software power up/down. In the case of hard- 
ware power down note that CS needs to be high for tpc 
after PD is taken low. When PD is high the device is pow- 
ered down. The total quiescent current, when powered 
down, is typically 200 jaA with the clock at 2.5 MHz and 
3 jllA with the clock off. The actual voltage level applied to a 
digital input will effect the power consumption of the 


device during power down. CMOS logic levels will give the 
least amount of current drain (3 jaA). TTL logic levels will 
increase the total current drain to 200 jaA. 

These devices have resistive reference ladders which draw 
600 jaA with a 2.5V reference voltage. The internal band 
gap reference voltage shuts down when power down is acti- 
vated. If an external reference voltage is used, it will have to 
be shut down to minimize the total current drain of the de- 
vice. 

2.0 ARCHITECTURE 

Before a conversion is started, during the analog input sam- 
pling period, (tA), the sampled data comparator is zeroed. 
As the comparator is being zeroed the channel assigned to 
be the positive input is connected to the A/D’s input capaci- 
tor. (The assignment procedure is explained in the Pin De- 
scriptions section.) This charges the input 32C capacitor of 
the DAC to the positive analog input voltage. The switches 
shown in the DAC portion of Figure 1 1 are set for this zero- 
ing/acquisition period. The voltage at the input and output 
of the comparator are at equilibrium at this time. When the 
conversion is started, the comparator feedback switches 
are opened and the 32C input capacitor is then switched to 
the assigned negative input voltage. When the comparator 
feedback switch opens, a fixed amount of charge is trapped 
on the common plates of the capacitors. The voltage at the 
input of the comparator moves away from equilibrium when 
the 32C capacitor is switched to the assigned negative input 
voltage, causing the output of the comparator to go high 
(“1”) or low (“0”). The SAR next goes through an algorithm, 
controlled by the output state of the comparator, that redis- 
tributes the charge on the capacitor array by switching the 
voltage on one side of the capacitors in the array. The ob- 
jective of the SAR algorithm is to return the voltage at the 
input of the comparator as close as possible to equilibrium. 
The switch position Information at the completion of the 
successive approximation routine Is a direct representation 
of the digital output. This data is then available to be shifted 
on the DO pin. 
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Applications Hints (Continued) 

3.0 APPLICATIONS INFORMATION 

3.1 Multiplexer Configuration 

The design of these converters utilizes a sampled-data 
comparator structure, which allows a differential analog in- 
put to be converted by the successive approximation rou- 
tine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a “ — ” input ter- 
minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 12 illustrates the three 
modes using the 4-channel MUX of the ADC10734. The 
eight inputs of the ADC1 0738 can also be configured in any 
of the three modes. The single-ended mode has CH0-CH3 
assigned as the positive input with COM serving as the neg- 
ative input. In the differential mode, the ADC10734 channel 
inputs are grouped in pairs, CHO with CHI and CH2 with 
CH3. The polarity assignment of each channel in the pair is 
interchangeable. Finally, in the pseudo-differential mode 
CH0-CH3 are positive inputs referred to COM which is now 
a pseudo-ground. This pseudo-ground input can be set to 
any potential within the input common-mode range of the 
converter. The analog signal conditioning required in trans- 
ducer-based data acquisition systems is significantly simpli- 
fied with this type of input flexibility. One converter package 
can now handle ground-referred inputs and true differential 
inputs as well as signals referred to a specific voltage. 

The analog input voltages for each channel can range from 
50 mV below GND to 50 mV above V+ = DV+ = AV+ 
without degrading conversion accuracy. If the voltage on an 
unselected channel exceeds these limits it may corrupt the 
reading of the selected channel. 

3.2 Reference Considerations 

The voltage difference between the Vref”^ and Vref~ in- 
puts defines the analog input voltage span (the difference 
between V|N(Max) and V|N(Min)) over which 1023 positive 
and 1 024 negative possible output codes apply. 

The value of the voltage on the Vref"*" or Vref“ inputs 
can be anywhere between AV + +50 mV and - 50 mV, so 
long as Vref"*" is greater than Vref”- The 
ADC1 0731/2/4/8 can be used in either ratiometric applica- 
tions or in systems requiring absolute accuracy. The refer- 
ence pins must be connected to a voltage source capable 
of driving the minimum reference input resistance of 5 kH. 
The internal 2.5V bandgap reference in the 
ADC1 0731/2/4/8 is available as an output on the V^^pOut 
pin. To ensure optimum performance this output needs to 
be bypassed to ground with 100 jaF aluminum electrolytic or 
tantalum capacitor. The reference output can be unstable 
with capacitive loads greater than 100 pF and less than 
100 jLtF. Any capacitive loading less than 100 pF and 
greater than 100 jaF will not cause oscillation. Lower 


output noise can be obtained by increasing the output ca- 
pacitance. A 100 JLtF capacitor will yield a typical noise floor 
of 200 nV/VlHz. The pseudo-differential and differential mul- 
tiplexer modes allow for more flexibility In the analog input 
voltage range since the “zero” reference voltage is set by 
the actual voltage applied to the assigned negative input 
pin. 

In a ratiometric system (Figure 13a), the analog input volt- 
age is proportional to the voltage used for the A/D refer- 
ence. This voltage may also be the system power supply, so 
Vref'*' can also be tied to AV+. This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy (Figure 13b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent Initial accuracy. The LM4040, 
LM4041 and LM185 references are suitable for use with the 
ADC1 0731/2/4/8. 

The minimum value of Vref (Vref = Vref"^ - Vref") can 
be quite small (see Typical Performance Characteristics) to 
allow direct conversion of transducer outputs providing less 
than a 5V output span. Particular care must be taken with 
regard to noise pickup, circuit layout and system error volt- 
age sources when operating with a reduced span due to the 
increased sensitivity of the converter (1 LSB equals Vref/ 
1024). 

3.3 The Analog Inputs 

Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative Input. Input bypass capacitors 
should not be used if the source resistance is greater than 
1 kft since they will average the AC current and cause an 
effective DC current to flow through the analog input source 
resistance. An op amp RC active lowpass filter can provide 
both impedance buffering and noise filtering should a high 
Impedance signal source be required. Bypass capacitors 
may be used when the source impedance is very low with- 
out any degradation in performance. 

In a true differential input stage, a signal that is common to 
both “ + ” and inputs is canceled. For the 

ADC1 0731/2/4/8, the positive Input of a selected channel 
pair is only sampled once before the start of a conversion 
during the acquisition time (tA). The negative Input needs to 
be stable during the complete conversion sequence be- 
cause it is sampled before each decision in the SAR se- 
quence. Therefore, any AC common-mode signal present 
on the analog inputs will not be completely canceled and 
will cause some conversion errors. For a sinusoid common- 
mode signal this error is: 

VERROR(niax) = VpEAK (2 fcM) (tc) 
where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value, and tc is the A/D’s conver- 
sion time (tc = 12/fcLK)- For example, for a 60 Hz com- 
mon-mode signal to generate a Vk LSB error (0.61 mV) with 
a 4.8 jLts conversion time, its peak value would have to be 
approximately 337 mV. 
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Applications Hints (Continued) 


4 Single-Ended 


2 Differential 


4 Psuedo- 
Differential 


2 Single-Ended 
and 1 Differential 







^ ADC10734 








CHO, f +(-) CHO 1 + 

CHlI (+) CHI + 

ADCt0734 CH2 + 

CH2, f +(-) + 

CH3 1 (+) 

^ ^ ^ COM 

FIGURE 12. Analog input Multiplexer Options 


^o r — \ h -) 

rill 


a. Ratiometric Using the Internal Reference 

+5V 



b. Absolute Using a 4.096V Span 

+5V 



FIGURE 13. Different Reference Configurations 
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Applications Hints (Continued) 

3.4 Optional Adjustments 

3.4.1 Zero Error 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function (see Figure 1) and 
can be measured by grounding the minus input and applying 
a small magnitude voltage to the plus input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 
000 0000 0000 to 000 0000 0001 and the ideal Vz LSB 
value (Vz LSB = 1.22 mV for Vref = + 2.500V). 

The zero error of the A/D does not require adjustment. If 
the minimum analog input voltage value, V|(si(Min), is not 
ground, the effective “zero” voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus input to V|N(Min). This is useful for either the 
differential or pseudo-differential input channel configura- 
tions. 

3.4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vz LSB down from the desired 
analog full-scale voltage range and then adjusting the Vref 
voltage (Vref = Vref"*" - Vref“) for a digital output code 
changing from 011 1111 1 1 1 0 to 01 1 1111 1 1 1 1 . In bipolar 
signed operation this only adjusts the positive full scale er- 
ror. 

3.4.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus input voltage which 
equals this desired zero reference plus Vz LSB is applied to 
selected plus input and the zero reference voltage at the 
corresponding minus input should then be adjusted to just 
obtain the 000 0000 0000 to 000 0000 0001 code transition. 
The full-scale adjustment should be made [with the proper 
minus input voltage applied] by forcing a voltage to the plus 
input which is given by: 

where Vmax equals the high end of the analog input range, 
Vmin equals the low end (the offset zero) of the analog 
range. Both Vmax and Vmin are ground referred. The Vref 
(Vref = Vref'^ “ Vref") voltage is then adjusted to pro- 
vide a code change from 01 1 1111 11 10 to oil 1111 1111. 
Note, when using a pseudo-differential or differential multi- 
plexer mode where Vref*^ and Vref" are placed within 
the V+ and GND range, the individual values of Vref and 
Vref" do not matter, only the difference sets the analog 
input voltage span. This completes the adjustment proce- 
dure. 


3.5 The input Sample and Hold 

The ADC10731/2/4/8’s sample/hold capacitor is Imple- 
mented in the capacitor array. After the channel address is 
loaded, the array is switched to sample the selected positive 
analog input. The sampling period for the assigned positive 
input is maintained for the duration of the acquisition time 
(t^) 4.5 clock cycles. 

This acquisition window of 4.5 clock cycles is available to 
allow the voltage on the capacitor array to settle to the posi- 
tive analog input voltage. Any change in the analog voltage 
on a selected positive input before or after the acquisition 
window will not effect the A/D conversion result. 

In the simplest case, the array’s acquisition time is deter- 
mined by the Rqn (3 kfl) of the multiplexer switches, the 
stray input capacitance Csi (3.5 pF) and the total array (C|_) 
and stray (Cs 2 ) capacitance (48 pF). For a large source 
resistance the analog input can be modeled as an RC net- 
work as shown in Figure 14. The values shown yield an 
acquisition time of about 1.1 jus for 10-bit unipolar or 10-bit 
plus sign accuracy with a zero-to-full-scale change in the 
input voltage. External source resistance and capacitance 
will lengthen the acquisition time and should be accounted 
for. Slowing the clock will lengthen the acquisition time, 
thereby allowing a larger external source resistance. 



TL/H/1 1390-25 

FIGURE 14. Analog Input Model 

The signal-to-noise ratio of an ideal A/D is the ratio of the 
RMS value of the full scale input signal amplitude to the 
value of the total error amplitude (including noise) caused 
by the transfer function of the ideal A/D. An ideal 1 0-bit plus 
sign A/D converter with a total unadjusted error of 0 LSB 
would have a signal-to-(noise -f distortion) ratio of about 68 
dB, which can be derived from the equation: 

S/(N + D) = 6.02(n) + 1.8 
where S/(N + D) Is in dB and n is the number of bits. 
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Applications Hints (Continued) 



Note 1: Diodes are 1N914. 

Note 2: The protection diodes should be able to withstand the output current of the op amp under current limit. 

FIGURE 15. Protecting the Analog Inputs 



FIGURE 16. Zero-Shift and Span-Adjust for Signed or Unsigned, Single-Ended 
Multiplexer Assignment, Signed Analog Input Range of 0.5V ^ V|n ^ 4.5V 
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National Semiconductor 


ADC10831, ADC10832, ADC10834, ADC10838 
10“Bit Plus Sign Serial I/O A/D Converters 
with MUX, Sample/Hold and Reference 


General Description 

This series of CMOS 1 0-bit plus sign successive approxima- 
tion A/D converters features versatile analog input multi- 
plexers, sample/hold and a 2.5V band-gap reference. The 
1 , 2, 4 or 8-channel multiplexers can be software configured 
for single-ended or differential mode of operation. 

An input sample/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the 
analog input to vary during the A/D conversion cycle. 

In the differential mode, valid outputs are obtained even 
when the negative inputs are greater than the positive be- 
cause of the 10-bit plus sign output data format. 

The serial I/O is configured to comply with the NSC 
microwire™ serial data exchange standard for easy in- 
terface to the cops™ and HPC™ families of controllers, 
and can easily interface with standard shift registers and 
microprocessors. 

Applications 

■ Medical instruments 

■ Remote instrumentation 

■ Test equipment 


Features 

■ -5V to +5V analog voltage range with ±5V supplies 

■ Serial I/O (MICROWIRE compatible) 

■ 1, 2, 4, or 8-channel differential or single-ended 
multiplexer 

■ Software or hardware power down 

■ Analog input sample/hold function 

■ Ratiometric or Absolute voltage referencing 

■ No zero or full scale adjustment required 

■ No missing codes over temperature 

■ TTL/MOS input/output compatible 

■ Standard DIP and SO packages 


Key Specifications 


■ Resolution 

1 0 bits plus sign 

B Dual supply 

±5V 

■ Power dissipation 

59 mW (Max) 

■ In power down mode 

33 jaW 

■ Conversion time 

5 fjLS (Max) 

B Sampling rate 

74 kHz (Max) 

■ Band-gap reference 

2.5V ±2% (Max) 


ADC10838 Simplified Biock Diagram 

CLK ^ PD 


CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CH6 

CH7 

COM 

AV+ 

AGND 

'^REF" 

VrefOUT 

DV+ 

DGNO 

V- 
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Connection Diagrams for Duai-in-Line and SO Packages 
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See NS Package Number N20A or M20B 
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See NS Package Number N24A or M24B 


Ordering Information 


Industrial Temperature Range 
-40X ^ Ta ^ +85‘’C 

Package 

ADC10831CIN 

N16E 

ADC10831CIWM 

M16B 

ADC10832CIN 

N20A 

ADC10832CIWM 

M20B 

ADC10834CIN 

N20A 

ADC10834C)WM 

M20B 

ADC10838CIN 

N24A 

ADC10838CIWM 

M24B 
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Absolute Maximum Ratings (Notes 1 & 3) 

If Military/ Aerospace specified devices are required, Storage Temperature 
please contact the National Semiconductor Saies 

Office/Distributors for avaiiabiiity and specifications. Operating Ratings (^ 

Positive Supply Voltage (V+ = AV+ = DV+) +6.0V Operating Temperature Range 
Negative Supply Voltage (V-) -6.0V ADC10831CIN, ADC10831CI\A 

Total Supply Voltage (V+ - V-) 12V ADC10832CIN, ADC10832CIW 

Total Reference Voltage (Vref'^-Vref~) +6.0V ADC10834CIN, ADC10834CIW 

, ADC10838CIN,ADC10838CIW 

Voltage at Analog Inputs 

(CH0-CH7 and COM) V+ + 0.3V to V" - 0.3V Positive Supply Voltage 

fV+ = AV+ = DV + ) 

Voltage at other Inputs and Outputs V+ + 0.3V to -0.3V ' . ' 

Input Current at Any Pin (Note 4) 30 mA Negative Supply Voltage (V ) 

Package Input Current (Note 4) 120 mA 

Package Dissipation at T^ = 25°C (Note 5) 500 mW Vref 

ESD Susceptability (Note 6) (Vref+ -Vref") 

Human Body Model 2500V 

Machine Model 150V 

Soldering Information 

N packages (10 seconds) 260X 

SO Package (Note 7) 

Vapor Phase (60 seconds) 21 5”C 

Infrared (1 5 seconds) 220'’C 

Electricai Characteristics 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vgc. Vref"^ = +4.096 Vdc. 
V“ = -5.0Vdc. and fcLK = 2.5 MHz unless othenvise specified. Boldface limits appiy for Ta = 
other limits Ta = Tj = +25“C. (Notes 8, 9 and 10) 


-40'’Cto +150“C 


30 mA 
120 mA 
500 mW 


Operating Ratings (Notes 2 and 3) 

Operating Temperature Range Tmin ^ ^ Tmax 

ADC10831CIN, ADC10831CIWM, 

ADC10832CIN, ADC10832CIWM, 

ADC10834CIN. ADC10834CIWM, 
ADC10838CIN,ADC10838CIWM -40“C ^ Ta ^ +85“C 
Positive Supply Voltage + 4.5V to + 5.5V 

(V+ = AV+ = DV + ) 

Negative Supply Voltage (V - ) - 4.5V to - 5.5V 

Vref+ AV+ +50 mV to -50 mV 

Vref” AV+ +50mVto— 50mV 

Vref(Vref'''“Vref“) +0.5VtoV+ 


Vref = V|N = GND, 

Tj = Tmin^oTmax; all 


Symbol Parameter 

STATIC CONVERTER CHARACTERISTICS 

Resolution with No Missing Codes 
TUE T otal Unadjusted Error (Note 1 3) 

INL Positive and Negative Integral 

Linearity Error 

Positive and Negative 
Full-Scale Error 

Offset Error 

Power Supply Sensitivity 


Typical 
(Note 11) 


Limits 
(Note 12) 

10 + Sign 
± 2.0 
±1.25 


Units 

(Limits) 

Bits 

LSB(max) 

LSB(max) 

LSB(max) 

LSB(max) 



Offset Error 
+ Full-Scale Error 
- Full-Scale Error 

V+ = +5.0V ±10% 

orV- = -5.0 ±10% 

±0.2 

±0.2 

±0.1 

±1.0 

±1.0 

±0.75 

LSB(max) 

LSB(max) 

LSB(max) 


DC Common Mode Error (Note 14) 

V|N+ = V|N” = V|N where 
+ 5.0V^ V|N^ -5V 

±0.15 

±0.6 

LSB(max) 


Multiplexer Channel to 

Channel Matching 


±0.1 


LSB 
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Electrical Characteristics (continued) 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref"^ = +4.096 Vqc. Vref“ = V|n“ = GND, 

V“ = -5.0 Vdc. and fcLK = 2.5 MHz unless otherwise specified. Boldface limits apply for = Tj = Tmin to TmaxI 

all other limits Ta = Tj = +25”C. (Notes 8, 9 and 10) (Continued) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 11) 

Limits 
(Note 12) 

Units 

(Limits) 

DYNAMIC CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus Distortion Ratio 

V|N = 8.0 Vpp, 

Sampling Rate = 74 kHz 
and f|N = 1 kHz to 1 5 kHz 

67 


dB 

ENOB 

Effective Number of Bits 

V|N 8.0 Vpp, 

Sampling Rate = 74 kHz 
andfiN = 1 kHz to 15 kHz 

10.8 


Bits 

THD 

Total Harmonic Distortion 

V||sj = 8.0 Vpp, 

Sampling Rate = 74 kHz 
andfiN = 1 kHz to 15 kHz 

-78 


dB 

IMD 

Intermodulation Distortion 

V|fv| = 8.0 Vpp, 

Sampling Rate = 74 kHz 
and f|M = 1 kHz to 1 5 kHz 

-85 


dB 


Full-Power Bandwidth 

V|N = 8.0 Vpp, where 

S/(N + D) Decreases 3 dB 
Sampling Rate = 74 kHz 

380 


kHz 


Multiplexer Channel to Channel Crosstalk 

flN = 15 kHz 

Sampling Rate = 74 kHz 

-80 


dB 

REFERENCE INPUT AND MULTIPLEXER CHARACTERISTICS 


Reference Input Resistance 


7 

5.0 

9.5 

kn 

kfl(min) 

kn(max) 

Cref . 

Reference Input Capacitance 


70 




MUX Input Voltage 





C|M 

MUX Input Capacitance 


47 


PF 


Off Channel Leakage Current (Note 1 5) 

On Channel = + 5V and 

Off Channel = -5V 

On Channel = -5Vand 

Off Channel = + 5V 

-0.4 

0.4 

-3.0 

3.0 

jaA(max) 

juiA(max) 


On Channel Leakage Current (Note 1 5) 

On Channel = + 5V and 

Off Channel = + 5V 

On Channel = -5V and 

Off Channel = +5V 

0.4 

-0.4 

3.0 

-3.0 

/xA(max) 

jLLA(max) 



2-370 





Electrical Characteristics (continued) 




The following specifications apply for V+ = AV+ = DV+ = +5.0 Vqc. Vref"^ 

= +4.096 Vdq, Vref — V|N = GND, 

V“ = -5.0 Vdc. and fcLK = 2.5 MHz unless otherwise specified. Boldface limits apply for Ta = Tj = Tmii to Tmax! 

1 all other limits = Tj = +25”C. (Notes 8, 9 and 10) (Continued) 




Symbol 

Parameter 

Conditions 

Typical 

Limits 

Units 

(Note 11) 

(Note 12) 

(Limits) 

REFERENCE CHARACTERISTICS 

VREpOut 

Reference Output Voltage 


2.5V ±0.5% 

2.5V ±2% 

V(max) 

AVref/AT 

VREpOut Temperature Coefficient 


±40 


ppm/“C 

AVref/AIl 

Load Regulation, Sourcing 

0 mA ^ II ^ +4 mA 

±0.003 

±0,05 

%/mA(max) 

AVref/AIl 

Load Regulation, Sinking 

0 mA ^ II ^ -1 mA 

±0.2 


%/mA(max) 


Line Regulation 

5V ±10% 

±0.3 

±2.5 


isc 

Short Circuit Current 

VREpOut = OV 

13 

22 

mA(max) 


Noise Voltage 

10Hzto10kHz,CL = 100 ^tF 

5 


pV 

AVREp/At 

Long-term Stability 


±120 


ppm/kHr 

tsu 

Start-Up Time 

Cl= lOOjuiF 

100 


ms 

DIGITAL AND DC CHARACTERISTICS 

VlN(1.) 

Logical “1” Input Voltage 

V+ = 5.5V 


2.0 

V(mln) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5V 


0.8 

V(max) 

•lN(1) 

Logical “1” Input Current 

V|N = 5.0V 

0.005 

+ 2.5 

/LLA(max) 

l|N{0) 

Logical “0” Input Current 

V|N = OV 

-0.005 

-2.5 

jLtA(min) 

V0UT(1) 

Logical “1” Output Voltage 

V+ = 4.5V, louT = -360 jiiA 


2.4 

V(min) , 



V+ = 4.5V,Iout== -IOjliA 


4.5 

V(min) 

VOUT(O) 

Logical “0” Output Voltage 

V+ = 4.5V, Iqut =1-6 mA 


0.4 

V(min) 

■out 

TRI-STATE Output Current 

VoUT = OV 

-0.1 

-3.0 

jLiA(min) 



VoUT = 5V 

+ 0.1 

+ 3.0 

jLiA(max) 

+ lsc 

Output Short-Circuit Source 

Current 

VoUT = OV, V+ = 4.5 V 

-30 

-15 

mA(max) 

-Isc 

Output Short-Circuit Sink Current 

VouT= V+ = 4.5V 

30 

15 

mA(min) 


Digital Supply Current 

^ = HIGH, Power Up 

0.9 

1.3 

mA(max) 


(Note 17) 

CS = HIGH, Power Down 

0.2 

0.4 

mA(max) 



CS = HIGH, Power Down, 

0.5 

50 

jLiA(max) 



and CLK Off 




Ia"^ 

Positive Analog Supply Current 

CS = HIGH, Power Up 

— 

6.0 

mA(max) 


(Note 17) 

^ = HIGH, Power Down 


15 

jLiA(max) 

Ia” 

Negative Analog Supply Current 

CS = HIGH, Power Up 

-2.7 

-4.5 

mA(min) 


(Note 17) 

CS = HIGH, Power Down 

-3.0 

-15 

jLiA(min) 

Iref 

Reference Input Current 

Vref+ = + 2.5V and 

CS = HIGH. Power Up 


0.6 

mA(max) 



2-371 


ADC10831, ADC10832, ADC10834, ADC10838 











ADC10831, ADC10832, ADC10834, ADC10838 


Electrical Characteristics (Continued) 

The following specifications apply for V+ = AV+ = DV+ = +5.0 Vdc. Vref'*' = +4.096 Vdc. Vref~ = V|n = GND, 

V~ = -5.0 Vdc. and fcLK = 2.5 MHz unless otherwise specified. Boldface limits apply for = Tj = Tmin TmaxI 

all other limits Ta = Tj = +25“C. (Note 16) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 11) 

Limits 
(Note 12) 

Units 

(Limits) 

AC CHARACTERISTICS 

^CLK 

Clock Frequency 



2.5 



Clock Duty Cycle 




%(min) 

%(max) 

tc 

Conversion Time 


12 

5 

12 

5 

Clock 

Cycles 

|uis(max) 

tA 

Acquisition Time 


4.5 

2 

4.5 

2 

Clock 

Cycles 

/xs(max) 

tscs 



14 

(1 tCLK 
- 14 ns) 

30 

(1 tcLK 
-30 ns) 

ns(min) 

(max) 

tSDl 

Dl Set-Up Time, Set-Up Time from Data Valid on 

Dl to Rising Edge of Clock 


16 

25 

ns(min) 

tHDI 

Dl Hold Time, Hold Time of Dl Data from Rising 

Edge of Clock to Data not Valid on Dl 


2 

25 

ns(min) 

tAT 

DO Access Time from Rising Edge of CLK When 

CS is “Low” during a Conversion 


30 

50 

ns(min) 

tAC 

DO or SARS Access Time from CS, Delay from 
Falling Edge of CS to Data Valid on DO or SARS 


30 

70 

ns(max) 

tpSARS 

Delay from Rising Edge of Clock to Falling Edge of 
SARS when CS is “Low” 


1 


200 

ns(max) 

B 

DO Hold Time, Hold Time of Data on DO after 

Falling Edge of Clock 



20 

45 


tAD 

DO Access Time from Clock, Delay from Falling 

Edge of Clock to Valid Data of DO 



40 

80 

ns(max) 

tlH. tOH 

Delay from Rising Edge of ^ to DO or SARS 
TRI-STATE 



40 

50 

ns(max) 

toes 

Delay from Falling Edge of Clock to Falling Edge of 
CS 



20 

30 

ns(min) 

tcS(H) 

CS “HIGH” Time for A/D Reset after Reading of 
Conversion Result 


1 CLK 

1 CLK 

cycle(mln) 

tCS(L) 

ADC1 0731 Minimum CS “Low” Time to Start a 
Conversion 


1 CLK 

1 CLK 

cycle(min) 

tsc 

— 

Time from End of Conversion to CS Going “Low” 





tpD 

Delay from Power-Down command to 10% of 
Operating Current 


1 



tpc 

Delay from Power-Up Command to Ready to Start 
a New fconversion 


10 


E5B 

C|N 

Capacitance of Logic Inputs 


7 


PF 


Capacitance of Logic Outputs 


^2 


PF 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifcations and 
test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may 
degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND, unless otherwise specified. 

Note 4: When the input voltage (V|n) at any pin exceeds the power supplies (V|n < V“ or V|n > AV+ or DV+), the current at that pin should be limited to 30 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 
Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^JA and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given In the Absolute Maximum Ratings, whichever is lower. For this 
device, Tj^ax = 1 50“C. The typical thermal resistance (0ja) of these Paris when board mounted can be found in the following table: 


Part Number 

Thermal Resistance 

Package Type 

ADC10831CIN 

82*C/W 

N16E 

ADC10831CIWM 

90*C/W 

M16B 

ADC10832CIN 

47*C/W 

N20A 

ADC10832CIWM 

80"C/W 

M20B 

ADC10834CIN 

47’’C/W 

N20A 

ADC10834CIWM 

80°C/W 

M20B 

ADC10838CIN 

60'C/W 

N24A 

ADC10838CIWM 

750 C/W 

M24B 


Note 6: The human body model is a 100 pF capacitor discharged through a 1.5 kft resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 

Note 7: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titied “Surtace Mount” found in any post 1986 National 
Semiconductor Linear Data Book for other methods of soldering surtace mount devices. 

Note 8; Two on-ohip diodes are tied to each analog input as shown below. They will forward-conduct for analog input voltages one diode drop below V“ or one 
diode drop greater than V+ supply. Be careful during testing at low V+ and V“ levels (±4.5V), as high level analog inputs (±5V) can cause an input diode to 
conduct, especially at elevated temperatures, which will cause errors In the conversion result. The specification allows 50 mV forward bias of either diode; this 
means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, the output code will be oorrect. Exceeding this range on an 
unselected channel will corrupt the reading of a selected channel. If AV+ and DV+ are minimum (4.5 Vqc) and V~ is a maximum (-4.5 Voc) full scale must be 
^ ±4.55 Vdc- 


AV+ 



TL/H/11391-6 


Note 9: No connection exists between AV+ and DV+ on the chip. 

To guarantee accuracy, it is required that the AV+ and DV+ be connected together to a power supply with separate bypass filter at eacn V+ pin. 

Note 10: One LSB is referenced to 10 bits of resolution. 

Note 11: Typicals are at Tj = Ta = 25°C and represent most likely pararmetric norm. 

Note 12: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 13: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 14: The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels shorted together. 
Note 15: Channel leakage current is measured after the channel selection. 

Note 16: All the timing specifications are tested at the TTL logic levels, V|l = 0.8V for a falling edge and V|h = 2.0V for a rising. TRI-STATE voltage level is forced 
to 1.4V. 


Note 17: The voltage applied to the digital inputs will affect the current drain during power down. These devices are tested with CMOS logic levels (logic Low = OV 
and logic High = 5V). TTL levels increase the power down current to about 300 /i.A. 
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Electrical Characteristics (Continued) 



TRANSITION 

ANALOG INPUT VOLTAGE (V|N = V|n(+) - V|n(-)) 
'^REF = 

FIGURE 1A. Transfer Characteristic 


TL/H/11391-7 



OUTPUT CODE 
(from -1024 to +1023) 


FIGURE IB. Simplified Error Curve vs Output Code 


TL/H/11391-8 


2-374 




ADC10831, ADC10832, ADC10834, ADC10838 




ADC10831, AOC10832, ADC10834, ADC10838 


Typical Performance Characteristics 


Analog Supply Current (Ia + ) 
vs Temperature 
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TRI-STATE Test Circuits and Waveforms 


V+ 



DATA 

OUTPUT 


TL/H/11391-12 



V+ V+ 



DATA 

OUTPUT 


,TL/H/11391-14 



Timing Diagrams 



TL/H/11391-16 


FIGURE 2. Dl Timing 
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Timing Diagrams (Continued) 


jnjnjnjijnjnj'ljnjnjnjnjn 


FIGURE 4. Delayed DO Timing 


jnjnjnjnjnjnjnjijnjnjn_^ 


2 - 3 : 






SAMPLED 

SIGNAL 


TL/H/1 1391-21 

Note: If is low during power up of the power supply voltages (AV+ and DV+) then C5 needs to go high for tcs(H)- The data output after the first conversion is 
invalid. 


FIGURE 7. ADC10831 CS Low during Conversion 






FIGURE 8. ADC10832, ADC10834 and ADC10838 CS Low during Conversion 

Note: If CS is low during power up of the power supply voltages (AV+ and DV+) then CS needs to go high for tcs(H)- The data output after the first conversion is not valid. 
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FIGURE 9. ADC10831 Using CS to Delay Output of Data afer a Conversion has Completed 

Note: if CS is low during power up of the power supply voltages (AV+ and DV+) then needs to go high for tcs(H)- The data output after the first conversion is not valid. 
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TABLE I. ADC10838 Multiplexer Address Assignment 



TABLE II. ADC10834 Multiplexer Address Assignment 


MUX Address 

Channel Number 

MUX 

MODE 

MAO 

MAI 

MA2 

MA3 

MA4 

CHO 

CHI 

CH2 

CH3 

COM 

PU 

SING/ 

DIFF 

ODD/ 

SIGN 

SEL1 

SELO 

1 

1 

0 

0 

0 

+ 




- 


1 

1 

0 

0 

1 



+ 


_ 


1 

1 

1 

0 

0 


+ , 



- 

Single-Ended 

1 

1 

1 

0 

1 




+ 

- 


1 

0 

0 

0 

0 

+ 






1 

0 

0 

0 

1 



+ 

_ ; . 













Differential 

1 

0 

1 

0 

0 

— 






1 

0 

1 

0 

1 



- 




0 

X 

X 

X 

X 

Power Down (All Channels Disconnected) 


TABLE III. ADC10832 Multiplexer Address Assignment 


MUX Address 

Channel Number 


MAO 

MAI 

MA2 

MA3 

MA4 




MUX 

PU 

SING/ 

ODD/ 

SEL1 

SELO 

CHO 

CHI 

COM 

MODE 

DIFF 

SIGN 





1 

1 

0 

0 

0 

+ 




1 

1 

1 

0 

0 

+ 

- 

Single-Ended 

1 

0 

0 

1 

0 

0 

+ 

- 


Differential 

1 

0 

0 

0 


+ 


0 

X 

X 

X 

X 

Power Down (All Channels Disconnected) 
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Pin Descriptions 

CLK The clock applied to this input controls the suc- 
cessive approximation conversion time interval, 
the acquisition time and the rate at which the 
serial data exchange occurs. The rising edge 
loads the information on the Dl pin into the mul- 
tiplexer address shift register. This address con- 
trols which channel of the analog Input multi- 
plexer (MUX) is selected. The falling edge shifts 
the data resulting from the A/D conversion out 
on DO. CS enables or disables the above func- 
tions. The clock frequency applied to this input 
can be between 5 kHz and 3 MHz. 

Dl This is the serial data input pin. The data applied 

to this pin is shifted by CLK Into the multiplexer 
address register. Tables I through III show the 
multiplexer address assignment. 

DO The data output pin. The A/D conversion result 

(DBO-SIGN) are clocked out by the falling edge 
of CLK on this pin. 

CS This Is the chip select Input pin. When a logic 

low is applied to this pin, the rising edge of CLK 
shifts the data on Dl Into the address register. 
This low also brings DO out of TRI-STATE after 
a conversion has been completed. 

PD This Is the power down input pin. When a logic 

high is applied to this pin the A/D is powered 
down. When a low is applied the A/D is pow- 
ered up. 

SARS This is the successive approximation register 
status output pin. ^en CS is high this pin is in 
TRI-STATE. With CS low this pin is active high 
when a conversion is in progress and active low 
at all other times. 


CH0-CH7 These are the analog inputs of the MUX. A 
channel input is selected by the address irifor- 
mation at the Dl pin, which is loaded on the ris- 
ing edge of CLK into the address register (see 
Tables l-lll). 

The voltage applied to these inputs should not 
exceed AV+ or go below V“ by more than 
50 mV. Exceeding this range on an unselected 
channel will corrupt the reading of a selected 
channel. 

COM This pin is another analog input. When the ana- 
log multiplexer Is single ended this input serves 
as the zero reference level for Inputs CH0-CH7 
(see Tables l-lll). COM can serve as a “pseudo 
ground’’ that has an input voltage range of AV+ 
+ 50 mV to V“ - 50 mV. In most cases, COM 
will be grounded. When the MUX is set in the 
differential pairs mode, COM is not used and 
may be grounded. 

Vref"^ This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range Vref (Vref = Vref'^-Vref“) is 
0.5 Vdc to 5.0 V 00 and the voltage at Vref"^ 
cannot exceed AV+ +50 mV. 

Vref“ The negative voltage reference input. In order to 
maintain accuracy, the voltage at this pin must 
not go below GND - 50 mV or exceed AV+ 
+ 50 mV. Vref" rnust always be less than 
Vref’^- 

AV+, 

DV+ These are the analog and digital positive power 
supply pins. These pins should be tied to the 
same power supply and bypassed separately. 
The operating voltage range of AV+ and DV+ 
is 4.5 Vdc to 5.5 Vdc- 

V~ This is the negative analog supply pin. The oper- 

ating voltage range of V~ is -4.5V to -5.5V. 
This supply pin needs to be bypassed with 
0.1 jLtF ceramic and 10 juF tantalum capacitors 
to the system analog ground. 

DGND This is the digital ground pin. 

AGND This is the analog ground pin. 
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Applications Hints 

The ADC1 0831/2/4/8 use successive approximation to 
digitize an analog input voltage. The DAC portion of the A/D 
converters uses a capacitive array and a resistive ladder 
structure. The structure of the DAC allows a very simple 
switching scheme to provide a versatile analog input multi- 
plexer. This structure also provides a sample/hold. The 
ADC1 0831/2/4/8 have a 2.5V CMOS bandgap reference. 
The serial digital I/O Interfaces to MICROWIRE and 
MICROWIRE + . 

1.0 DIGITAL INTERFACE 

There are two modes of operation. The fastest throughput 
rate is obtained when CS is kept low during a conversion. 
The timing diagrams in Figures 7 and 8 show the operation 
of the devices in this mode. CS must be taken high for at 
least tcs(H) CLK) between conversions. This is necessary 
to reset the internal logic. Figures 9 and 10 show the opera- 
tion of the devices when CS_is taken high while the 
ADC1 0831/2/4/8 is converting. CS may be taken high dur- 
ing the conversion and kept high indefinitely to delay the 
output data. This mode simplifies the interface to other de- 
vices while the ADC1 0831/2/4/8 is busy converting. 

1.1 Getting Started with a Conversion 

The ADC10l331 /2/4/8 need to be initialized after the power 
supply voltage is applied. If CS is low when the supply volt- 
age is applied then CS needs to be taken high for at least 
tcs(H) (1 clock period). The data output after the first con- 
version is not valid. 

1.2 Software and Hardware Power Up/Down 

These devices have the capability of software or hardware 
power down. Figures 5 and 6 show the timing diagrams for 
hardware and software power up/down. In the case of hard- 
ware power down note that CS needs to be high for tpc 
after PD is taken low. When PD Is high the device is pow- 
ered down. The total quiescent current, when powered 
down, is typically 200 /aA with the clock at 2.5 MHz and 
3 juiA with the clock off. The actual voltage level applied to a 
digital input will affect the power consumption of the 


device during power down. CMOS logic levels will give the 
least amount of current drain (3 /xA). TTL logic levels will 
Increase the total power down current drain to 300 jllA. 
These devices have resistive reference ladders which draw 
600 juA with a 2.5V reference voltage. The internal band 
gap reference voltage shuts down when power down is acti- 
vated. If an external reference voltage is used, it will have to 
be shut down to minimize the total current drain of the de- 
vice. 

2.0 ARCHITECTURE 

Before a conversion is started, during the analog Input sam- 
pling period, {Xp), the sampled data comparator Is zeroed. 
As the comparator is being zeroed the channel assigned to 
be the positive input is connected to the A/D’s input capaci- 
tor. (The assignment procedure is explained in the Pin De- 
scriptions section.) This charges the input 32C capacitor of 
the DAC to the positive analog input voltage. The switches 
shown in the DAC portion of Figure 1 1 are set for this zero- 
ing/acquisition period. The voltage at the input and output 
of the comparator are at equilibrium at this time. When the 
conversion is started, the comparator feedback switches 
are opened and the 32C input capacitor is then switched to 
the assigned negative input voltage. When the comparator 
feedback switch opens, a fixed amount of charge is trapped 
on the common plates of the capacitors. The voltage at the 
input of the comparator moves away from equilibrium when 
the 32C capacitor is switched to the assigned negative input 
voltage, causing the output of the comparator to go high 
(“1”) or low (“0”). The SAR next goes through an algorithm, 
controlled by the output state of the comparator, that redis- 
tributes the charge on the capacitor array by switching the 
voltage on one side of the capacitors in the array. The ob- 
jective of the SAR algorithm is to return the voltage at the 
input of the comparator as close as possible to equilibrium. 
The switch position information at the completion of the 
successive approximation routine is a direct representation 
of the digital output. This data Is then available to be shifted 
on the DO pin. 
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Analog MUX 


FROM 

MULTIPLEXER 

ADDRESS 

DECODER 


1C 1C 1C 2C| 2C 1C I 2C 4C 8C 16C 32C 



Sampled Data 
Comparator 


DBO DB1 DB2 DB3 DB4 DBS DB6 DB7 


FIGURE 11. Detailed Diagram of the ADC10838 DAC and Analog Multiplexer Stages 
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CONTROL SAR 

LOGIC 


sesoLoav ‘wsotoav ‘zesotoav ‘tesotoav 


(Continued) 






ADC10831, ADC10832, ADC10834, ADC10838 


Applications Hints (Continued) 

3.0 APPLICATIONS INFORMATION 

3.1 Multiplexer Configuration 

The design, of these converters utilizes a sampled-data 
comparator structure, which allows a differential analog in- 
put to be converted by the successive approximation rou- 
tine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a input ter- 
minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. 

A unique input multiplexing scheme has been utilized to pro- 
^ vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 12 illustrates the three 
modes using the 4-channel MUX of the ADC10834. The 
eight inputs of the ADC1 0838 can also be configured in any 
of the three modes. The single-ended mode has CH0-CH3 
assigned as the positive Input with COM serving as the neg- 
ative Input. In the differential mode, the ADC10834 channel 
inputs are grouped ih pairs, CHO with CHI and CH2 with 
CH3. The polarity assignment of each channel in the pair is 
interchangeable. Finally, in the pseudo-differential mode 
CH0-CH3 are positive inputs referred to COM which is now 
a pseudo-ground. This pseudo-ground input can be set to 
any potential within the input common-mode range of the 
converter. The analog signal conditioning required in trans- 
ducer-based data acquisition systems is significantly simpli- 
fied with this type of input flexibility. One converter package 
can now handle ground-referred inputs and true differential 
inputs as well as signals referred to a specific voltage. 

The analog Input voltages for each channel can range from 
50 mV below V“ to 50 mV above V+ = DV+ = AV+ 
without degrading conversion accuracy. If the voltage on an 
unselected channel exceeds these limits it may corrupt the 
reading of the selected channel. 

3.2 Reference Considerations 

The voltage difference between the Vref'** and Vref“ in- 
puts defines the analog input voltage span (the difference 
between V|N(Max) and Vifsi(Min)) over which 1023 positive 
and 1024 negative possible output codes apply. 

The value of the voltage on the Vref'^ or Vref“ inputs 
can be anywhere between AV+ -f- 50 mV and GND 
-50 mV, so long as Vref'*' is greater than Vref“- The 
ADC1 0831/2/4/8 can be used in either ratiometric applica- 
tions or in systems requiring absolute accuracy. The refer- 
ence pins must be connected to a voltage source capable 
of driving the minimum reference input resistance of 5 kH. 
The internal 2.5V bandgap reference in the 
ADC10831 /2/4/8 is available as an output on the V^^pOut 
pin. To ensure optimum performance this output needs to 
be bypassed to ground with 100 juF aluminum electrolytic or 
tantalum capacitor. The reference output can be unstable 
with capacitive loads greater than 100 pF and less than 
100 julF. Any capacitive loading less than 100 pF and 
greater than 100 jaF will not cause oscillation. Lower 


output noise can be obtained by increasing the output ca- 
pacitance. A 1 00 jllF capacitor will yield a typical noise floor 
of 200 nV/>/Hz. The pseudo-differential and differential mul- 
tiplexer modes allow for more flexibility in the analog input 
voltage range since the “zero” reference voltage is set by 
the actual voltage applied to the assigned negative input 
pin. 

In a ratiometric system (Figure 13a), the analog Input volt- 
age Is proportional to the voltage used for the A/D refer- 
ence. This voltage may also be the system power supply, so 
Vref*'' can also be tied to AV+ . This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy (Figure 13b), where the analog Input 
varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent initial accuracy. The LM4040, 
LM4041 and LM185 references are suitable for use with the 
ADC1 0831/2/4/8. 

The minimum value of Vref (Vref = Vref"*" -Vref“) can 
be quite small (see Typical Performance Characteristics) to 
allow direct conversion of transducer outputs providing less 
than a 5V output span. Particular care must be taken with 
regard to noise pickup, circuit layout and system error volt- 
age sources when operating with a reduced span due to the 
increased sensitivity of the converter (1 LSB equals Vref/ 
1024). 

3.3 The Analog Inputs 

Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative input. Input bypass capacitors 
should not be used if the source resistance is greater than 
1 kn since they will average the AC current and cause an 
effective DC current to flow through the analog Input source 
resistance. An op amp RC active lowpass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. Bypass capacitors 
may be used when the source impedance Is very low with- 
out any degradation In performance. 

In a true differential input stage, a signal that is common to 
both “-I-” and inputs is canceled. For the 

ADC1 0831/2/4/8, the positive input of a selected channel 
pair is only sampled once before the start of a conversion 
during the acquisition time (t^). The negative input needs to 
be stable during the complete conversion sequence be- 
cause it is sampled before each decision in the SAR se- 
quence. Therefore, any AC common-mode signal present 
on the analog inputs will not be completely canceled and 
will cause some conversion errors. For a sinusoid common- 
mode signal this error Is: 

VERROR(max) = VpEAK (2 'TT fcM) (tc) 
where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value, and tc is the A/D’s conver- 
sion time (tc = 12/fcLK)- example, for a 60 Hz com- 
mon-mode signal to generate a % LSB error (0.61 mV) with 
a 4.8 jas conversion time, its peak value would have to be 
approximately 337 mV. 
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Applications Hints (Continued) 

3.4 Optional Adjustments 

3.4.1 Zero Error 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function (see Figure 1) and 
can be measured by grounding the minus input and applying 
a small magnitude voltage to the plus input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 
000 0000 0000 to 000 0000 0001 and the ideal Va LSB value 
(Va LSB = 2.0 mV for Vref = + 4.096V). 

The zero error of the A/D does not require adjustment. If 
the minimum analog input voltage value, V|N(Mln), Is not 
ground, the effective “zero” voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus input to V|N(Min). This is useful for either the 
differential or pseudo-differential Input channel configura- 
tions. 

3.4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 Vs* LSB down from the desired 
analog full-scale voltage range and then adjusting the Vref 
voltage (Vref = Vref"'' - Vref“) for a digital output code 
changing from 011 1111 1110 to 011 1111 1111. In bipolar 
signed operation this only adjusts the positive full scale er- 
ror. 

3.4.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus Input voltage which 
equals this desired zero reference plus ^2 LSB is applied to 
selected plus input and the zero reference voltage at the 
corresponding minus input should then be adjusted to just 
obtain the 000 0000 0000 to 000 0000 0001 code transition. 
The full-scale adjustment should be made [with the proper 
minus input voltage applied] by forcing a voltage to the plus 
input which is given by: 

where Vmax equals the high end of the analog input range, 
Vmin equals the low end (the offset zero) of the analog 
range. Both V^ax end Vmin ere ground referred. The Vref 
(Vref - Vref"^ “ Vref“) voltage is then adjusted to pro- 
vide a code change from 01 1 1111 1110 to oil 1111 1111. 
Note, when using a pseudo-differential or differential multi- 
plexer mode where Vref"*" end Vref” ere placed within 
the V+ and GND range, the individual values of Vref end 
Vref” do not matter, only the difference sets the analog 
Input voltage span. This completes the adjustment proce- 
dure. 


3.5 The input Sample and Hold 

The ADC10831/2/4/8’s sample/hold capacitor is imple- 
mented in the capacitor array. After the channel address is 
loaded, the array is switched to sample the selected positive 
analog Input. The sampling period for the assigned positive 
Input is maintained for the duration of the acquisition time 
(tA) 4.5 clock cycles. 

This acquisition window of 4.5 clock cycles Is available to 
allow the voltage on the capacitor array to settle to the posi- 
tive analog input voltage. Any change in the analog voltage 
on a selected positive input before or after the acquisition 
window will not effect the A/D conversion result. 

In the simplest case, the array’s acquisition time is deter- 
mined by the Rqn (3 kft) of the multiplexer switches, the 
stray Input capacitance Csi (3.5 pF) and the total array (CJ 
and stray (Cs 2 ) capacitance (48 pF). For a large source 
resistance the analog input can be modeled as an RC net- 
work as shown in Figure 14. The values shown yield an 
acquisition time of about 1.1 )uls for 10-bit unipolar or 10-bit 
plus sign accuracy with a zero-to-full-scale change in the 
input voltage. External source resistance and capacitance 
will lengthen the acquisition time and should be accounted 
for. Slowing the clock will lengthen the acquisition time, 
thereby allowing a larger external source resistance. 



— r~ ^si T" ^S2 

- 



TL/H/11391 

FIGURE 14. Analog Input Model 


The signal-to-noise ratio of an ideal A/D Is the ratio of the 
RMS value of the full scale input signal amplitude to the 
value of the total error amplitude (Including noise) caused 
by the transfer function of the ideal A/D. An ideal 10-bit plus 
sign A/D converter with a total unadjusted error of 0 LSB 
would have a signal-to-(noise + distortion) ratio of about 68 
dB, which can be derived from the equation: 

S/(N + D) = 6.02(n) + 1.8 
where S/(N + D) is in dB and n is the number of bits. 
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Applications Hints (Continued) 



Note 1: Diodes are 1N914. 

Note 2: The protection diodes should be able to withstand the output current of the op amp under current limit. 

FIGURE 15. Protecting the Analog Inputs 
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ADC1061 


National Semiconductor 

ADC1061 10-Bit High-Speed jaP-Compatible 
A/D Converter with Track/Hold Function 

General Description 

Using a modified half-flash conversion technique, the 10-bit 
ADC1061 CMOS analog-to-digital converter offers very fast 
conversion times yet dissipates a maximum of only 235 mW. 

The ADC1061 performs a 10-bit conversion in two lower- 
resolution “flashes”, thus yielding a fast A/D without the 
cost, power dissipation, and other problems associated with 
true flash approaches. 

The analog input voltage to the ADC1061 is tracked and 
held by an internal sampling circuit. Input signals at frequen- 
cies from DC to greater than 160 kHz can therefore be digi- 
tized accurately without the need for an external sample- 
and-hold circuit. 

For ease of interface to microprocessors, the ADC1 061 has 
been designed to appear as a memory location or I/O port 
without the need for external interface logic. 


Features 

■ 1 .8 fis maximum conversion time to 1 0 bits 

■ Low power dissipation: 235 mW (maximum) 

■ Built-in track-and-hold 

■ No external clock required 

■ Single + 5V supply 

■ No missing codes over temperature 

Applications 

■' Waveform digitizers 

■ Disk drives 

■ Digital signal processor front ends 

■ Mobile telecommunications 



Simplified Block and Connection Diagrams 



Ordering information 


Industrial (-40X ^ Ta ^ 85°C) 

Package 

ADC1061CIJ 

J20A 

ADC1061CIN 

N20A 

ADC1061CIWM 

M20B 

Military (-55“C ^ Ta ^ 125X) 

Package 

ADC1061CMJ 

J20A 


Dual-ln-Line Package 


o 

o 

J_ 

O 

c 

ro 

o 

-DBO (LSB) 

iNT- 

2 

19 

-DB1 

S/H- 

3 

18 

-DB2 


4 

17 

“DB3 


® ADC1061 

-DB4 

1 

J. 

6 

15 

-DBS 


7 

14 

-DB6 

V|N- 

8 

13 

-DB7 

''ref+“ 

9 

12 

-DB8 

GND- 

10 

11 

-DB9 (MSB) 


Top View 

TL/H/10559-1 


Order Number 
ADC1061CIJ, ADC1061CIN, 
ADC1061CIWM or ADC1061CMJ 
See NS Package J20A, 
M20B or N20A 
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Absolute Maximum Ratings (Notes i & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ = AVcc = DVcc) -0.3V to + 6V 
Voltage at any Input or Output -0.3V to V+ +0.3V 

Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 875 mW 

ESD Susceptibility (Note 5) 1500V 


Soldering Information (Note 6) 
N Package (10 seconcis) 

J Package (10 seconds) 

SO Package (Note 6): 

Vapor Phase (60 seconds) 
Infrared (15 seconds) 
Junction Temperature, Tj 
Storage Temperature Range 


260“C 

300“C 

215“C 
220“C 
+ 150“C 
-65“Cto -f 150“C 


Operating Ratings 

Temperature Range 
ADC1061CIJ, ADC1061CIN, 
ADC1061CIWM 
ADC1061CMJ 
Supply Voltage Range 


(Notes 1 & 2) 

Tmin ^ Ta ^ Tmax 

-40"C ^ Ta ^ +85“C 
-55“C ^Ta ^ -M25‘*C 
4.5V to 5.5V 


Converter Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = 5V, and Vfief(-) ^ GND unless otherwise specified. Boldface 
limits apply for Ta = Tj = Twin Tmax; all other limits Ta = Tj = 25“C. 


— 

Symbol 

Parameter 

Conditions 

Tyj}ical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limit) 


Resolution 



10 

Bits 


Total Unadjusted Error 


±1.0 

±2.0 

LSB (Max) 


Integral Linearity Error 


±0.3 

±1.5 



Differential Linearity Error 



±1.0 

LSB (Max) 


Offset Error 


±0.1 

±1.0 

LSB (Max) 


Fullscale Error 


±0.5 

±1.0 

LSB (Max) 

Rref 

Reference Resistance 


0.65 

0.4 

m (Min) 

Rref 

Reference Resistance 


0.65 

0.9 

kn (Max) 

Vref(+) 

Vref(+) Input Voltage 



V+ + 0.05 

V(Max) 

VreF(-) 

Vref(-) Input Voltage 



GND - 0.05 

V (Min) 

VreF(-I-) 

Vref(+) Input Voltage 




V (Min) 

VrEF(-) 

Vref(-) Input Voltage 




V (Max) 

V|N 

Input Voltage 



V+ + 0.05 

V(Max) 

VlN 

Input Voltage 



GND - 0.05 

V (Min) 


Analog Input Leakage Current 

CS = V + , V|N = v + 


3 




CS = V+,V(N = GND 


-3 



Power Supply Sensitivity 

v+ = 5V ±5% 

VrEF = 4.75V 

±0.125 

±0.5 

LSB 


> 

O 

O 



2-393 


1061 





















ADC1061 


DC Electrical Characteristics 

The following specifications apply for V+ = +5V, Vref(+) == 5V, and Vref(-) = GND unless otherwise specified. Boldface 
limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 

(Notes) 

Units 

(Limits) 

V|N(1) 

Logical “1” Input Voltage 

V+=. 5.25V 


2.0 

V (Min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.75 V 


0.8 

V(Max) 

l|N(1) 

Logical “1” Input Current 

V|N(1) = 5V 

0.005 

1.0 

jaA (Max) 

l|N(0) 

Logical “0” Input Current 

V|N(0) = OV 

-0.005 

-1.0 

jliA (Max) 

VOUT(I) 

Logical “1” Output Voltage 

V+ = 4.75V louT 360 /xA 

V+ = 4.75V louT= -10 nA 



V (Min) 

V (Min) 

VOUT(O) 

Logical “0” Output Voltage 

V+ = 4.75 V louT = 1.6mA 


0.4 

V (Max) 

loUT 

TRI-STATE® Output Current 





Dice 

DVee Supply Current 

CS = WR = RD = 0 

0.1 

2 

mA (Max) 

Alec 

AVee Supply Current 

CS = WR = RD = 0 

30 

45 

mA (Max) 

AC Electrical Characteristics 

The following specifications apply for V+ = +5V, tr = tf = 20 ns, VREF(-f-) = 5V, and Vref(-) = GND unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin *o Tmax; all other limits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 

(Note?) 

Limit 
(Note 8) 

Units 

(Limits) 

tCONV 

Conversion Time from Rising Edge 
of S/H to Falling Edge of Wf 

Mode 1 

■i 

1.8 

juLS (Max) 

tCRD 

Conversion Time for MODE 2 
(RD Mode) 

Mode 2 

n 

2.4 

juls (Max) 

Ucd 

Access Time (Delay from Falling 

Edge of ^ to Output Valid) 

Model; Cl = 100 pF 


50 

ns (Max) 

tACC2 , 

Access Time (Delay from Falling 

Edge of ^ to Output Valid) 

Mode 2; Cl = lOOpF 




tsH 

Minimum Sample Time 

(Figure 1)\ (Note 9) 


250 

ns (Max) 

tiH. tOH 

TRI-STATE Control (Delay from Rising 
Edge of fio to High-Z State) 

Rl = Ik, Cl = 10 pF 


50 

ns (Max) 

t|NTH 

Delay from Rising Edge of RD 
to Rising Edge of TFTf 


10 

50 

ns (Max) 

t|D 

belay from InT to Output Valid 

Cl= 100 pF 

20 

50 

ns (Max) 

tp 

Delay from End of Conversion 
to Next Conversion 


10 

20 


SR 

Slew Rate for Correct 

Track-and-Hold Operation 


2.5 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = 4-5V, tr = tf = 20 ns, Vref(+) = 5V, and Vref(-) = GND unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin Tmax; all other limits Ta = Tj = 25“C. 


Symbol 


Conditions 


Typicai 
(Note 7) 


Limit 
(Note 8) 



CviN Analog Input Capacitance 35 pF 


7 Logic Output Capacitance 


Logic Input Capacitance 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functionai, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics, The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, uniess othenvise specified. 

Note 3: When the input voltage (Vin) at any pin exceeds the power supply rails (V|n < V~ or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input of 5 mA to four. 

Note 4: The maximum power dissipation must be derated at eievated temperatures and is dictated by Tjmax. ^ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 1 SO’C, and the typical thermal resistance (0ja) when board mounted is 47*C/W for the plastic (N) package, BS'C/W for the ceramic (J) package, 
and es^C/W for the small outline (WM) package. 

Note 5: Human body modei, 100 pF discharged through a 1.5 kQ resistor. 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soidering surface mount devices. 

Note 7: Typicals are at 25'’C and represent most likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quaiity Level). 

Note 9: Accuracy may degrade if tSH is shorter than the value specified. 


-STATE Test Circuits and Waveforms 



RD O — ADC1061 


RD 50% 

GND^^ 10% 


DATA ''oh 
OUTPUT 




RD O-H ADC1061 


RD 50%/^^ 

GND '' ' -r 10% 
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Typical Performance Characteristics 

Zero (Offset) Error 



1 2 3 4 5 

REFERENCE VOLTAGE, VpEp+ - VpEp. (V) 



TL/H/1 0559-9 

Mode 1 Conversion Time 



-75 -50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE, Tj (©C) 


TL/H/1 0559- 11 


Pin Descriptions 

Symboi Function 

DVcc. These are the digital and analog positive 

AVcc supply voltage inputs. They should 

(1 , 6) always be connected to the same 

voltage source, but are brought out 
separately to allow for separate bypass 
capacitors. Each supply pin should be 
bypassed with a 0.1 fiF ceramic 
capacitor in parallel with a 10 jaF 
tantalum capacitor. 

InT (2) This is the active low Interrupt output. 

InT goes low at the end of each 
conversion, and returns to a high state 
following the rising edge of 

S/H (3) This Is the Sample/Hold control input. 

When this pin is forced low, it causes 
the analog input signal to be sampled 
and initiates a new conversion. 

RD (4) This is the active low Read control input. 

When this pin Is low, any data present in 
the ADC1 061 ’s output registers will be 
placed on the data bus. In Mode 2, the 
Read signal must be low until InT goes 
low. Until llTr goes low, the data at the 
output pins will be incorrect. 


UJ 

oc 

z 


Linearity Error vs 
Reference Voltage 





MM 




AVcc = DVcc = ♦SV 




Tj = 250C 




























































1 2 3 4 5 

REFERENCE VOLTAGE, Vrep^ - Vp^p. (V) 


3 

o 


TL/H/1 0559- 10 

Mode 2 Conversion Time 



-75 -50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE, Tj (®C) 


TL/H/1 0559-1 2 


Symbol Function 

CS (5) This is the active low Chip Select control 

input. This pin enables the S/H and RD 
Inputs. 

Vref- . These are the reference voltage Inputs. 

Vref+ They may be placed at any voltage 

(7, 9) between GND - 50 mV and Vcc + 

50 mV, but Vref+ nriust be greater than 
Vref-- An input voltage equal to 
Vref- produces an output code of 0, 
and an input voltage equal to Vref+ ~ 

1 LSB produces an output code of 1023. 

V|N (8) This is the analog input pin. The 

impedance of the source should be less 
than 500fl for best accuracy and 
conversion speed. To avoid damage to 
the ADC1 061 , V|n should not be 
allowed to extend beyond the power 
supply voltages by more than 300 mV 
unless the drive current is limited. For 
accurate conversions, V|n should not 
extend more than 50 mV beyond the 
supply voltages. 
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Pin Descriptions (Continued) 

Symbol Function 

GND (1 0) This is the power supply ground pin. The 

ground pin should be connected to a 
“clean” ground reference point. 
DB0-DB9 These are the TRI-STATE output pins. 

( 11 - 20 ) 

Functionai Description 

The ADC1 061 digitizes an analog input signal to 1 0 bits ac- 
curacy by performing two lower-resolution “flash” conver- 
sions. The first flash conversion provides the six most signif- 
icant bits (MSBs) of data, and the second flash conversion 
provides the four least significant bits (LSBs). 

Figure 5 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1 024th the resistance of the whole 
resistor string. These lower 1 6 resistors (the LSB Ladder) 
therefore have a voltage drop of 16/1024, or 1/64th of the 
total reference voltage (Vref+ “ VREF-) across them. 
The remainder of the resistor string is made up of eight 
groups of eight resistors connected in series. These com- 
prise the MSB Ladder. Each section of the MSB Ladder 
has 1 /8th of the total reference voltage across It, and each 
of the MSB resistors has 1 /64th of the total reference volt- 
age across it. Tap points across all of these resistors can be 


connected, in groups, to the sixteen comparators at the 
right of the diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vref+ “ Vref-- Six comparators 
compare the input voltage with the tap voltages on the re- 
sistor string to provide an estimate of the input voltage. This 
estimate is then used to control the multiplexer that con- 
nects the MSB Ladder to the sixteen comparators on the 
right. Note that the comparators on the left needn’t be very 
accurate; they simply provide an estimate of the input volt- 
age. Only the sixteen comparators on the right and the six 
on the left are necessary to perform the initial six-bit flash 
conversion. Instead of the 64 comparators that would be 
required using conventional half-flash methods. 

To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that V|n is between 11/16 and 13/16 of VREF. 
The estimator decoder will instruct the comparator mux to 
connect the 1 6 comparators to the taps on the MSB Ladder 
between 10/16 and 14/16 of VREF. The 16 comparators 
will then perform the first flash conversion. Note that since 
the comparators are connected to Ladder voltages that ex- 
tend beyond the range indicated by the estimator circuit, 
errors In the estimator as large as Vie of the reference volt- 
age (64 LSBs) will be corrected. This first flash conversion 
produces the six most significant bits of data. 
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Functional Description (Continued) 

The remaining four LSBs may now be determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second 
flash conversion is then decoded, and the full 10-bit result is 
latched. 

Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the half- 
flash conversion techniques used in the ADC1061 needs 
only a small fraction of the number of comparators that 
would be required for a traditional flash converter, and far 
fewer than would be used in a conventional half-flash ap- 
proach. This allows the ADC1061 to perform high-speed 
conversions without excessive power drain. 

Applications Information 
1.0 Modes of Operation 

The ADC1061 has two basic digital interface modes. These 
are illustrated in Figure 1 and Figure 2. 


MODE1 

In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After ap- 
proximately 1.2 jLts (1.8 jLts maximum), INT goes low, indicat- 
ing that the conversion results are latched and can be read 
by pulling RD low. Note that CS must be low to enable S/H 
or TO. CS is internally “ANDed” with the sample and read 
control signals; the input voltage is sampled when CS and 
S/H are low, and is read when CS and RD are low. 

MODE 2 

In Mode 2, also called “RD mode”, the S/H and TO pins 
are tied together. A conversion is initiated by pulling both 
pins low. The ADC1061 samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 

About 1.8 jLis (2.4 JUS maximum) after S/H and ^ are 
pulled low, WY goes low, indicating that the conversion is 
complete. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but will be 
valid only after INT goes low. 


INT S/H RD CS 



FIGURE 4. Typical connection. Note the multiple bypass capacitors on the reference 
and power supply pins. If Vref~ not grounded, it should also be bypassed to 
ground using multiple capacitors (see 5.0 “Power Supply Considerations”). 
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2.0 Reference Considerations 

The ADC1061 has two reference inputs. These inputs, 
Vref+ and Vref-. are fully differential and define the zero 
to full-scale range of the input signal. The reference Inputs 
can be connected to span the entire supply voltage range 
(Vref- = OV, Vref+ = Vcc) for ratiometric applications, 
or they can be connected to different voltages (as long as 
they are between ground and Vcc) when other input spans 
are required. Reducing the overall Vref span to less than 
5V increases the sensitivity of the converter (e.g., if Vref = 
2V, then 1LSB = 1.953 mV). Note, however, that linearity 
and offset errors become larger when lower reference volt- 
ages are used. See the Typical Performance Curves for 
more Information. Reference voltages less than 2V are, not 
recommended. 

In most applications, Vref- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used In the ADC1061. 
Vref- can be connected to a voltage other than ground as 
long as the reference for this pin is capable of sinking cur- 
rent. If Vref- is connected to a voltage other than ground, 
bypass it with multiple capacitors. 

Since the resistance between the two reference inputs can 
be as low as 400ft, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should nor- 
mally be bypassed with a 10 jaF tantalum and a 0.1 jliF 
ceramic capacitor. More bypassing may be necessary in 
some systems. 

The choice of reference voltage source will depend on the 
requirements of the system. In ratiometric data acquisition 
systems with a power supply-referenced sensor, the refer- 
ence inputs are normally connected to Vcc ^nd GND, and 
no reference other than the power supply is necessary. In 
absolute measurement systems requiring 10-bit accuracy, a 
reference with better than 0.1 % accuracy will be necessary. 

3.0 The Analog Input 

The ADC1061 samples the analog input voltage once every 
conversion cycle. When this happens, the input Is briefly 
connected to an impedance approximately equal to 600ft in 
series with 35 pF. Short-duration current spikes can there- 
fore be observed at the analog input during normal opera- 
tion. These spikes are normal and do not degrade the con- 
vertor’s performance. 

Note that large source impedances can slow the charging of 
the sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy is to be 


achieved at the minimum sample time. If the sampling time 
is Increased, the source impedance can be larger. If a signal 
source has a high output impedance, its output should be 
buffered with an operational amplifier. The operational am- 
plifier’s output should be well-behaved when driving a 
switched 35 pF/600ft load. Any ringing or voltage shifts at 
the op amp’s output during the sampling period can result in 
conversion errors. 

Correct conversion results will be obtained for input volt- 
ages greater than GND - 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
Input pin more than 300 mV higher than AVcc and DVcc. or 
more than 300 mV lower than GND. If the analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the ADC1 061. 

4.0 Inherent Sample-and-Hold 

Because the ADC1061 samples the input signal once during 
each conversion, it is capable of measuring relatively fast 
input signals without the help of an external sample-hold. In 
a conventional successive-approximation A/D converter, 
regardless of speed, the input signal must be stable to bet- 
ter than + Ya LSB during each conversion cycle or signifi- 
cant errors will result. Consequently, even for many relative- 
ly slow input signals, the signals must be externally sampled 
and held constant during each conversion. 

The ADC1061 can perform accurate conversions of input 
signals at frequencies from DC to greater than 160 kHz 
without the need for external sampling circuitry. 

5.0 Power Supply Considerations 

The ADC1061 is designed to operate from a +5V (nominal) 
power supply. There are two supply pins, AVcc and DVcc- 
These pins allow separate external bypass capacitors for 
the analog and digital portions of the circuit. To guarantee 
accurate conversions, the two supply pins should be con- 
nected to the same voltage source, and each should be 
bypassed with a 0.1 juiF ceramic capacitor in parallel with a 
10 jliF tantalum capacitor. Depending on the circuit board 
layout and other system considerations, more bypassing 
may be necessary. 

It is important to ensure that none of the ADC1 061 ’s input or 
output pins are ever driven to a voltage more than 300 mV 
above AVcc and DVcc. or more than 300 mV below GND. If 
these voltage limits are exceeded, the overdrive current into 
or out of any pin on the ADC1061 must be limited to less 
than 5 mA, and no more than 20 mA of overdrive current (all 
overdriven pins combined) should flow. In systems with mul- 
tiple power supplies, this may require, careful attention to 
power supply sequencing. The ADC1061’s power supply 
pins should be at the proper voltage before signals are ap- 
plied to any of the other pins. 
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6.0 Layout and Grounding 

In order to ensure fast, accurate conversions from the 
ADC1 061 , it is necessary to use appropriate circuit board 
layout techniques. The analog ground return path should be 
low-impedance and free of noise from other parts of the 
system. Noise from digital circuitry can be especially trou- 
blesome, so digital grounds should always be separate from 
analog grounds. For best performance, separate ground 
planes should be provided for the digital and analog parts of 
the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be Iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


2 
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ADC10061/ADC10062/ADC10064 



National Semiconductor 


ADC10061/ADC10062/ADC10064 10-Bit 600 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description 

Using an innovative, patented multistep* conversion tech- 
nique, the 10-bit ADC10061, ADC10062, and ADC10064 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10061, ADC10062, and ADC10064 perform a 
10-blt conversion in two lower-resolution “flashes”, thus 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. The 
ADC10061 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 

The analog input voltage to the ADC1 0061, ADC1 0062, and 
ADC10064 Is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 

The ADC10062 and ADC10064 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small Increase In linearity error. 

For ease of Interface to microprocessors, the ADC10061, 
ADC10062, and ADC10064 have been designed to appear 
as a memory location or I/O port without the need for exter- 
nal interface logic. 


Features 

■ Built-in sample-and-hold 

■ Single + 5V supply 

■ 1, 2, or 4-Input multiplexer options 

■ No external clock required 

■ Speed adjust pin for faster conversions (ADC10062 and 
ADC10064). See ADC1 0662/4 for high speed guaran- 
teed performance. 

Key Specifications 

■ Conversion time to 1 0 bits 600 ns typical, 

900 ns max over temperature 

■ Sampling Rate 800 kHz 

■ Low power dissipation 235 mW (max) 

■ Total unadjusted error ±1.0 LSB (max) 

■ No missing codes over temperature 

Appiications 

■ Digital signal processor front ends 

■ Instrumentation 

■ Disk drives 

■ Mobile telecommunications 


Ordering Information 

ADC10061 ADC10064 


Industrial (-40‘’C ^ Ta ^ +85“C) 

Package 

ADC1 0061 BIN, ADC1 0061 CIN 

ADC1 0061 BIWM, ADC1 0061 Cl WM 

N20A Molded DIP 
M20B Small Outline 


Industrial (-40“C ^ Ta ^ +85‘’C) 

Package 

ADC10064BIN, ADC10064CIN 
ADC10064BIWM, ADC10064CIWM 

N28B Molded DIP 
M28B Small Outline 


Military (-SSX ^ Ta ^ +125“C) 

Package 

ADC10061CMJ/883 

J20A Cerdip 


ADC10062 


Military (-55X ^ Ta ^ +125“C) 

Package 

ADC10064CMJ/883 

J28A Cerdip 


Industrial (-40‘’C ^ Ta ^ +85‘’C) 

Package 

ADC10062BIN, ADC10062CIN 
ADC10062BIWM, ADC10062CIWM 

N24A Molded DIP 

M24B Small Outline 


Military (-55X ^ Ta ^ +125X) 

Package 

ADC10062CMJ/883 

J24A Cerdip 


*U.S. Patent Number 4918449 
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Absolute Maximum Ratings (Notes i, 2) Operating Ratings (Notes 1, 2) 

If Military/ Aerospace specified devices are required, Temperature Range ‘^MIN ^ 1 'a ^ ^MAX 

please contact the National Semiconductor Sales ADC1 0061 BIN, ADC1 0061 BIWM, 

Office/Distributors for availability and specifications. ADC10061CIN, ADC10061CIWM, 

Supply Voltage (V+ = AVcc = DVcc) -0.3V to +6V ADC10062BIN, ADC10062BIWM, 

Voltageat Any Input or Output -0.3V to V+ + 0 3V ADC10062CIN, ADC10062CIWM, 

vuiidywuiMny inpuiur wuifjui u.ov lu v t u.ov ADC10064BIN, ADC10064BIWM, 

Input Current at Any Pin (Note 3) 5 mA ADC1 0064CIN 

Package Input Current (Note 3) 20 mA ADC10064CIWM -40°C ^ Ta ^ -I- 85°C 

Power Dissipation (Note 4) 875 mW ADC10061CMJ/883, ADC10062CMJ/883, 

ESD Susceptability (Note 5) 2000V 0064CMJ/883 - 55°C ^ Ta ^ + 1 25“C 

Soldering Information (Note 6) Supply Voltage Range 4.5V to 5.5V 

N Package (1 0 Sec) 260°C 

J Package (10 Sec) SOO^C 

SO Package: 

Vapor Phase (60 Sec) 21 5°C 

Infrared (15 Sec) 220“C 

Storage Temperature Range -65“C to + 1 50°C 

Junction Temperature 150®C 

Converter Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = +5V, Vref(-) = GND, and Speed Adjust pin unconnected 
unless otherwise specified. Boldface limits apply for Ta = Tj = Tn/nn to T^axI o^her limits Ta = Tj = +25“C. 

Symbol 

Parameter 

Conditions 

Typical 

Limit 

Units 




(Note 7) 

(Notes 8, 10) 

(Limit) 

IBH 

. Resolution 



10 

Bits 


Integral Linearity Error 

BIN, BIWM Suffixes 


± 0 . 6 /± 1.1 

LSB (max) 



CIN, CIWM, CMJ Suffixes 


±1.0/ ± 1.5 

LSB (max) 



Rsa =18 kft 

±0.5 


LSB 


Offset Error 



±.1 

LSB (max) 


Full-Scale Error 



±1 

LSB (max) 


Total Unadjusted Error 

BIN, BIWM Suffixes 


±1.0/±1.5 

LSB (max) 



CIN, CIWM, CMJ Suffixes 


±1.5/ ± 2.0 

LSB (max) 



All Suffixes, Rsa = 18 kn 

±0.5 


LSB 


Missing Codes 



0 

(max) 


Power Supply Sensitivity 

V+ = 5V ±5%, Vref = 4.5V 

±yi6 


LSB 



y+ = 5V ±10 %, Vref = 4.5V 


±% 

LSB (max) 

THD 

Total Harmonic Distortion 

f|N = 10kHz,4.85Vp.p 

0.06 


% 



flN = 160 kHz, 4.85 Vp.p 

0.08 


% 



flN = 10 kHz, 4.85 Vp.p 

61 


dB 

■■1 


f|N = 160 kHz, 4.85 Vp.p 

60 


dB 


Effective Number of Bits 

f|N = 10 kHz, 4.85 Vp.p 

9.6 





flN = 160 kHz, 4.85 Vp.p 

9.4 



RrEF 

Reference Resistance 


650 

400 

ft (min) 

Rref 

Reference Resistance 


650 

900 

ft (max) 

VreF( + ) 

Vref(-i-) Input Voltage 




V (max) 

VreF(-) 

Vref(-) Input Voltage 




V (min) 

Vref(+) 

Vref(-i-) Input Voltage 



VrEF(-) 

V (min) 

VreF(-) 

Vref(-) Input Voltage 



VreF( + ) 

V (max) 

V|N 

Input Voltage 



V + + 0.05 


V|N 

Input Voltage 




V (min) 


OFF Channel Input Leakage Current 



3 

jLtA (max) 


ON Channel Input Leakage Current 



-3 

fiA (max) 
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DC Electrical Characteristics 

The following specifications apply for V+ = +5V, Vref{+) = 5V Vref(-) = GND, and Speed 
otherwise specified. Boldface limits apply for Ta = Tj = Tmin *0 T^ax; all other limits Ta = 


Adjust pin unconnected unless 
= Tj = +25‘’C. 


Conditions 


Typical 
(Note 7) 


V|N(i) Logical “1 ” Input Voltage 

V|N(0) Logical “0” Input Voltage 

l|isi(i) Logical "1” Input Current 

llN(O) Logical “0” Input Current 


VouT(i ) Logical “ 1 ” Output Voltage 


VouT(O) Logical “0” Output Voltage 


V+ = 5.5V 
V+ = 4.5V 
V|N(1) - 5V 
V|N(0) OV 


Limit 

(Notes 8, 10) 
2.0 
0.8 
3.0 
-3.0 


Units 

(Limits) 

V (min) 

V (max) 
/lA (max) 
jllA (max) 


V (min) 

V (min) 


= 4.5V, louT = "I -6 mA 


loUT 

TRI-STATE® Output Current 

VoUT = 5V 

Vqut ov 

0.1 

-0.1 

50 

-50 

juiA (max) 
jbtA (max) 

Dice 

DVee Supply Current 

^ = S/H = RD = 0, Rsa = 

1.0 

2 

mA (max) 



cs = S/H = = 0, Rsa = 18 kn 

1.0 


mA (max) 

Alec 

AVee Supply Current 

cs = S/H = TO = 0, Rsa = 

30 

45 

mA (max) 



CS = S/H = RD = 0, Rsa = 18 kn 

30 


mA (max) 


AC Electrical Characteristics 

The following specifications apply for V+ = +5V, tr = tf = 20 ns, Vref(+) = 5V, Vref(-^) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Tj = Tr/hn to T^ax; all other limits Ta = Tj = 
+ 25"C. 



Symbol 


tCONV 


Mode 1 Conversion Time 
from Rising Edge of S/H 
to Falling Edge of iNT 

Mode 2 Conversion Time 


Access Time (Delay from Falling 
Edge of ^ to Output Valid) 


Conditions 


BIN, BIWM, CIN, 

CIWM Suffixes 

CMJ Suffixes 

Rsa = 18k 

BIN, BIWM, CIN, 

CIWM Suffixes 
CMJ Suffixes 
Mode 2, Rsa = 18k 

Model; Cl = 100 pF 


Typical 
(Note 7) 


Limit 

(Notes 8, 10) 


750/900 

1000 


ns (max) 
ns (max) 
ns 

ns (max) 
ns (max) 
ns 



tACC2 

Access Time (Delay from Falling 
Edge of RD to Output Valid) 

Mode 2; Cl = 100 pF 

900 

tcRD + 50 

ns (max) 

tSH 

Minimum Sample Time 

(Figure 1 ) ; (Note 9) 


250 

ns (max) 

tiH. toH 

TRI-STATE Control (Delay 
from Rising Edge of TO 
to High-Z State) 

Rl = Ik, Cl = 10 pF 

30 

60 

ns (max) 

tiNTH 

Delay from Rising Edge of TO 
to Rising Edge of iNT 

Cl= 100 pF 

25 

50 

ns (max) 

tp 

Delay from End of Conversion 
to Next Conversion 



50 

ns (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = +5V, tr = tf = 20 ns, Vref(+) = 5V, Vref(-) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to TmaxI other limits Ta = Tj = 
+ 25°C. 


Symbol 

Parameter 

tMS 

Multiplexer Control Setup Time 

tMH 

, Multiplexer Hold Time 

CviN 

Analog Input Capacitance 

Gout 

Logic Output Capacitance 

C|N 

Logic Input Capacitance 


Conditions 


Typical 
(Note 7) 

10 

10 

35 

5 


Limit 
(Note 8) 

75 

40 


Units 

(Limits) 

ns (max) 
ns (max) 
pF (max) 
pF (max) 


pF (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|m > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^JA and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax ~ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tjmax tor a board-mounted device can be found 
from the tabies below: 


ADC10061 ADC10062 ADC10064 



Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability" or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soidering surface mount devices. 

Note 7: Typicals are at +25“C and represent must likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 9: Accuracy may degrade if tsH is shorter than the value specified. See curves of Accuracy vs tsH- 

Note 10: A military RETS electrical test specification is available on request. At time of printing, the ADC10061CMJ/883, ADC10062CMJ/883, and 
ADC10064CMJ/883 RETS specification complies fuily with the boldface limits in this column. 
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ADC10061/ADC10062/ADC10064 


Typical Performance Characteristics 



Zero (Offset) Error 
vs Reference Voltage 



REFERENCE VOLTAGE, Vref* - Vref. (V) 


Linearity Error 
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REFERENCE VOLTAGE, Vref« - Vref- (V) 


Analog Supply Current 
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Conversion Time 
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vs Speed-Up Resistor 
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Typical Performance Characteristics (Continued) 


Signal-to-Noise + THD Ratio 
vs Signal Frequency 
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Linearity Change 
vs Speed-Up Resistor 
(ADC10062 and ADC10064 Only) 
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TRI-STATE Test Circuits and Waveforms 
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Timing Diagrams 
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FIGURE 1. Mode 1. The conversion time (tcoNv) is set by the internal timer. 
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Timing Diagrams (Continued) 



sampling time and is determined by the internal timer. 


Simpiified Biock Diagram 


^REF* 
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Connection Diagrams 


Dual-In-Line Package 
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TL/H/1 1020-11 

Top View 


Dual-ln-Line Package 



Top View 


Duai-ln-Llne Package 



Top View 


Pin Descriptions 

DVcc. AVcc These are the digital and analog positive sup- 
ply voltage inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed with a 0.1 jaF ceramic 
capacitor in parallel with a 10 juF tantalum 
capacitor to ground. 

TnT This is the active low interrupt output. TnT 

goes low at the end of each conversion, and 
returns to a high state following the rising 
edge of RD. 

S/H This is the Sample/ Hold control Input. When 

this pin is forced low (and CS is low), it caus- 
es the analog input signal to be sampled and 
Initiates a new conversion. 

RD This Is th^ctlve low Read control input. 

When this RD and C§ are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 

CS This is the active low Chip Select control In- 

put. When low, this pin enables the RD and 
5/H pins. 

SO, SI On the multiple-input devices (ADC10062 
and ADC10064), these pins select the analog 
input that will be connected to the A/D during 
the conversion. The input is selected based 
on the state of SO and SI when 5/H makes 
its High-to-Low transition (See the Timing Di- 
agrams). The ADC10064 includes both SO 
and SI . The ADC10062 Includes just SO, and 
the ADC10061 includes neither. 


Vref-. These are the reference voltage inputs. They 
Vref+ may be placed at any voltage between GND 
and Vcc. but Vref+ must be greater than 
Vref-- An input voltage equal to Vref- 
produces an output code of 0, and an input 
voltage equal to (Vref+ - 1 LSB) produces 
an output code of 1 023. 

ViN. Vino. These are the analog input pins. The 

V|ni.V|N2. ADC10061 has one input (V|n), the 

V|N 3 ADC10062 has two inputs (V|no and V|ni), 

and the ADC10064 has four inputs (V|no. 
V|Ni, V|N 2 and V|N 3 ). The impedance of the 
source should be less than 500n for best ac- 
curacy and conversion speed. For accurate 
conversions, no Input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc a*' 50 mV below ground. 
GND, AGND, These are the power supply ground pins. The 
DGND ADC10061 has a single ground pin (GND), 
and the ADC10062 and ADC10064 have sep- 
arate analog and digital ground pins (AGND 
and DGND) for separate bypassing of the an- 
alog and digital supplies. The ground pins 
should be connected to a stable, noise-free 
system ground. For the devices with two 
ground pins, both pins should be returned to 
the same potential. 

DB0-DB9 These are the TRI-STATE output pins. 
SPEED ADJ (ADC1 0062 and ADC1 0064 only). This pin is 
normally left unconnected, but by connecting 
a resistor between this pin and ground, the 
conversion time can be reduced. See the 
Typical Performance Curves and the table of 
Electrical Characteristics. 


2-410 





Functional Description 

The ADC1 0061, ADC1 0062 and ADC10064 digitize an ana- 
log input signal to 10 bits accuracy by performing two lower- 
resolution “flash” conversions. The first flash conversion 
provides the six most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits LSBs). 

Figure 5 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1 / 1 024 the resistance of the whole resis- 
tor string. These lower 1 6 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (Vref+ “ Vref-) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has Vs of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vref+ and Vref-- Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


To perform a conversion, the estimator compares the Input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that V|n is between 11/16 and 13/16 of Vref- 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vref- The 1 6 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data — four bits in the 
flash itself, and 2 bits in the estimator. 

The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 1 0-bit 
result is latched. 

Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10061, 
ADC10062, and ADC10064 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10061, ADC10062, and ADC10064 to perform high- 
speed conversions without excessive power drain. 
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Applications information 

1.0 MODES OF OPERATION 

The ADC10061, ADC10062, and ADC10064 have two basic 
digital interface modes. Figure 1 and Figure 2 are timing 
diagrams for the two modes. The ADC10062 and 
ADC10064 have input multiplexers that ar^ controlled by 
the logic levels on pins Sq and,Si when S/H goes low. 
Table I is a truth table showing how the input channnels are 
assigned. 

Model 

In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
600 ns (typical), I NT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS is internally 
“AND^’ with_S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when ^ and 
RD are low. I NT is reset high on the rising edge of RD. 

TABLE I. Input Multiplexer Programming 
ADC10064 ADC10062 


So 

Channel 

0 

V|N0 

1 

V|N1 


Si 

So 

Channel 

0 

0 

Vino 

0 

1 

V|N1 

1 

0 

V|N2 

1 

1 

VlN3 


(a) 

Mode 2 


In Mode 2, also called “RD mode”, the S/H and RD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 850 ns (typical) after S/H and RD are 
pull low, INT goes low, Indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous conversion. 

2.0 REFERENCE CONSIDERATIONS 

The ADC10061, ADC10062, and ADC10064 each have two 
reference inputs. These inputs, Vref+ and Vref-. are ^ully 
differential and define the zero to full-scale range of the 
input signal. The reference inputs can be connected to span 
the entire supply voltage range (Vref- = OV, Vref-i- = 
Vcc) ^er ratiometric applications, or they can be connected 
to different voltages (as long as they are between ground 
and Vcc) when other Input spans are required. Reducing 
the overall Vref span to less than 5V increases the sensi- 
tivity of the converter (e.g., if Vref “ 2V, then 1 LSB = 


1.953 mV). Note, however, that linearity and offset errors 
become larger when lower reference voltages are used. 
See the Typical Performance Curves for more information. 
For this reason, reference voltages less than 2V are not 
recommended. 

In most applications, Vref- will simply be connected to 
ground, but it Is often useful to have an Input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used In the ADC10061, 
ADC10062, and ADC10064. Vref- can be connected to a 
voltage other than ground as long as the voltage source 
connected to this pin is capable of sinking the converter’s 
reference current (12.5 mA Max @ Vref = 5V). If Vref- is 
connected to a voltage other than ground, bypass it with 
multiple capacitors. 

Since the resistance between the two reference inputs can 
be as low as 400n, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference Input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 jixF tantalum and a 0.1 jaF ceramic. 

3.0 THE ANALOG INPUT 

The ADC1 0061, ADC1 0062, and ADC10064 sample the an- 
alog input voltage once every conversion cycle. When this 
happens, the input is briefly connected to an impedance 
approximately equal to 600ft in series with 35 pF. Short-du- 
ration current spikes can therefore be observed at the ana- 
log input during normal operation, these spikes are normal 
and do not degrade the converter’s performance. 

Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/600ft load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 

Correct conversion results will be obtained for input volt- 
ages greater than GND — 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
Input pin more than 300 mV higher than AVcc and DVcc. or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the 1C. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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Applications Information (Continued) 



FIGURE 4. Typical Connection. Note the muitipie bypass capacitors on the reference and power supply pins. If Vrep- 
is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. V|mo is shown with an input protection network. 
Pin 17 is normally left open, but optional “speedup” resistor Rsa can be used to reduce the conversion time. 


4.0 INHERENT SAMPLE-AND-HOLD 

Because the ADC10061, ADC10062, and ADC10064 sam- 
ple the input signal once during each conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation A/D converter, regardless of speed, the 
input signal must be stable to better than ± 1 /2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no internal sample-and- 
hold is used. 

Because they incorporate a direct sample/hold control in- 
put, the ADC1 0061 , ADC1 0062, and /^C1 0064 are suitable 
for use in DSP-based systems. The S/H input allows syn- 
chronization of the A/D converter to the DSP system’s sam- 
pling rate and to other ADC1 0061s, ADC1 0062s, and 
ADC1 0064s. 

The ADC10061, ADC10062, and ADC10064 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 160 kHz. 

5.0 POWER SUPPLY CONSIDERATIONS 

The ADC10061, ADC10062, and ADC10064 are designed 
to operate from a + 5V (nominal) power supply. There are 
two supply pins, AVcc and DVcc- These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 ju,F 
ceramic capacitor In parallel with a 1 0 jaF tantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 


The ADC10061 has a single ground pin, and the ADC10062 
and ADC10064 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 
supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be “clean” and free 
of noise. 

In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converter’s power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 

6.0 LAYOUT AND GROUNDING 

In order to ensure fast, accurate conversions from the 
ADC10061, ADC10062, and ADC10064, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 

All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 
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Applications Information (Continued) 

7.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Typical values for THD are given in the 
table of Electrical Characteristics. 

Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Typical 
values are given in the Electrical Characteristics table. An 
alternative definition of signal-to-noise ratio includes the dis- 
tortion components along with the random noise to yield a 
signal-to-nolse-plus-dlstortion ration, or S/(N + D). 

The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 


One way of describing the A/D’s performance as a function 
of signal frequency Is to make a plot of “effective bits’’ ver- 
sus frequency. An Ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signai-to-noise ratio 
equal to (6.02n + 1 .8) dB, where n is the resolution in bits 
of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


n (effective) = 


S/(N + D) (dB) - 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 

As an example, an ADC10061 with a 5 Vp.p, 100 kHz sine 
wave input signal will typically have a signal-to-noise-plus- 
distortion ratio of 59.2 dB, which is equivalent to 9.53 effec- 
tive bits. As the input frequency increases, noise and distor- 
tion gradually increase, yielding a plot of effective bits or 
S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 

In applications that require faster conversion times, the 
Speed Adjust pin (pin 1 4 on the ADC1 0062, pin 1 7 on the 
ADC10064) can significantly reduce the conversion time. 
The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent Is increased, which reduces the conversion time. As an 
example, an 1 8k resistor reduces the conversion time of a 
typical part from 600 ns to 350 ns with no significant effect 
on linearity. Using smaller resistors to further decrease the 
conversion time is possible as well, although the linearity 
will begin to degrade somewhat (see curves). Note that the 
resistor value needed to obtain a given conversion time will 
vary from part to part, so this technique will generally require 
some “tweaking” to obtain satisfactory results. 
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Na t ion a I 


Semiconductor 


ADC10461/ADC10462/ADC10464 10-Bit 600 ns 
A/D Converter with Input Multipiexer and Sample/Hold 


General Description 

Using an innovative, patented multistep* conversion tech- 
nique, the 10-bit ADC10461, ADC10462, and ADC10464 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10461, ADC10462, and ADC10464 perform a 
10-bit conversion in two lower-resolution “flashes”, thus 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. Dy- 
namic performance (THD, S/N) is guaranteed. The 
ADC10461 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 

The analog input voltage to the ADC10461, ADC10462, and 
ADC10464 is sampled and held by an Internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 

The ADC10462 and ADC10464 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small increase in linearity error. 

For ease of interface to microprocessors, the ADC10461, 
ADC10462, and ADC10464 have been designed to appear 
as a memory location or I/O port without the need for exter- 
nal interface logic. 


Features 

■ Built-in sample-and-hold 

■ Single +5V supply 

■ 1, 2, or 4-input multiplexer options 

■ No external clock required 

■ Speed adjust pin for faster conversions (ADC1 0462 and 
ADC10464) 

Key Specifications 

■ Conversion time to 1 0 bits 600 ns typical, 

900 ns max over temperature 

■ Sampling Rate 800 kHz 

■ Low power dissipation 235 mW (max) 

■ Total harmonic distortion (50 kHz) -60 dB (max) 

■ No missing codes over temperature 

Applications 

■ Digital signal processor front ends 

■ Instrumentation 

■ Disk drives 

■ Mobile telecommunications 


Ordering information 

ADC10461 ADC10464 


Industrial 

(-40°C ^ Ta ^ +85“C) 

Package 

ADC10461CIN 

ADC10461CIWM 

N20A Molded DIP 

M20B Small Outline 


ADC10462 


Industrial 

(-40°C ^ Ta ^ +85“C) 

Package 

ADC10464CIN 

ADC10464CIWM 

N28B Molded DIP 

M28B Small Outline 


Industrial 

(-40X ^ Ta ^ +85“C) 

Package 

ADC10462CIN 

ADC10462CIWM 

N24A Molded DIP 

M24B Small Outline 


•U.s. Patent Number 4918449 
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Storage Temperature Range 
Junction Temperature 


-eS^Cto +150°C 
T50°C 


Absolute Maximum Ratings (Notes 1 , 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ = AVcc = DVcc) -0.3V to +6V 
Voltage at Any Input or Output - 0.3V to V + -f 0.3V 

Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 875 mW 

ESD Susceptability (Note 5) 2000V 

Soldering Information (Note 6) 

N Package (10 Sec) 260'’C 

SO Package: 

Vapor Phase (60 Sec) 215®C 

Infrared (15 Sec) 220*C 

Converter Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = +5V, Vref(-) = GND, and Speed Adjust pin unconnected 
unless otherwise specified. Boldface limits apply for Ta = Tj = iMin to T^ax; all other limits Ta = Tj = +25°C. 


Operating Ratings (Notes 1,2) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC10461CIN, ADC10461CIWM, 

ADC10462CIN, ADC10462CIWM, 

ADC10464CIN, 

ADC10464CIWM -40"C ^ Ta ^ +85°C 

Supply Voltage Range 4.5V to 5.5V 


Symbol 

Parameter 

Conditions 

Typicai 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limit) 


Resolution 



10 

Bits 


Integral Linearity Error 

Rsa ^ 18 kft 

±0.5 


LSB 


Offset Error 



±1 

LSB (max) 


Full-Scale Error 



±1 

LSB (max) 


Total Unadjusted Error 

Rsa ^18 kfl 

±0.5 


LSB 


Missing Codes 



0 

(max) 


Power Supply Sensitivity 

V+ = 5V ±5%, Vref = 4.5V . 

±V^G 


LSB 



V+ = 5V ±10%, Vref = 4.5V 

±Vb 


LSB 


Total Harmonic Distortion 

f|N = 1 kHz, 4.85 Vp.p 

-68 


dB 



f|N = 50 kHz, 4.85 Vp.p 

-66 

-60 

dB (max) 



f|N = 100 kHz, 4.85 Vp.p 

-62 


dB 



f|N = 240 kHz, 4.85 Vp.p 

-58 


dB 

SNR 

Signal-to-Noise Ratio 

f|N = 1 kHz, 4.85 Vp.p 

61 


dB 



flN = 50 kHz, 4.85 Vp.p 

60 

58 

dB (min) 



f|N = 100 kHz, 4.85 Vp.p 

60 


dB 

ENOB 

Effective Number of Bits 

f|N = 1 kHz, 4.85 Vp.p 

9.6 


Bits 



f|N = 50 kHz, 4.85 Vp.p 

9.5 

9 

Bits (min) 

Rref 

Reference Resistance 


650 

400 

n (min) 

Rref 

Reference Resistance 


650 

900 

ft (max) 

VreF(+) 

Vref(+) Input Voltage 



V+ ± 0.05 

V (max) 

VreF(-) 

Vref(-) Input Voltage 



GND - 0.05 

■ V (min) 

VreF( + ) 

Vref(-i-) Input Voltage 



VreF(-) 

V (min) 

Vref(-) 

Vref(-) Input Voltage 



VreF( + ) 

V (max) 


Input Voltage 



V+ + 0.05 

V (max) 

V|N 

Input Voltage 



GND -0.05 

V (min) 


OFF Channel Input Leakage Current 

C§ = V+,V|N = V + 

0.01 

3 

jllA (max) 


ON Channel Input Leakage Current 

CS = V+,V|N = v + 

±1 

-3 

jllA (max) 
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DC Electrical Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = 5V Vref(-) = GND, and Speed Adjust pin unconnected unless 
othenwise specified. Boldface limits apply for Ta = Tj = T^in to TmaxJ all other limits Ta = Tj = +25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limits) 

V|N(1) 

Logical “1 ” Input Voltage 

V+ = 5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5V 


0.8 

V (max) 

l|N(1) 

Logical “1” Input Current 

V,N(1) = 5V 

0.005 

3.0 

jaA (max) 

l|N(0) 

Logical “0” Input Current 

V|N(0) OV 

-0.005 

-3.0 

jaA (max) 

V0UT(1) 

Logical "1” Output Voltage 

V+ = 4.5V, louT = -360 jaA 


2.4 

V (min) 



V+ =4.5V, louT= -10 jaA 


4.25 

V (min) 

VoUT(O) 

Logical “0” Output Voltage 

V+ =4.5V, louT= 1.6 mA 


0.4 

V (max) 

•out 

TRI-STATE® Output Current 

VqUT = 5V 

0.1 

50 

jxA (max) 



VoUT = OV 

-0.1 

-50 

jaA (max) 

Dice 

DVee Supply Current 

CS = S/H = RD = 0, Rsa = °° 

1.0 

2 

mA (max) 



^ = S/H = ^ = 0, Rsa = 18 kn 

1.0 


mA (max) 

Alec 

AVee Supply Current 

^ = S/H = ^ = 0, Rsa = °° 

30 

45 

mA (max) 



^ = S/H ^ = 0, Rsa = 18 kfi 

30 


mA (max) 
— 


AC Electrical Characteristics 

The following specifications apply for V+ = +5V, tr = tf = 20 ns, Vref(+) = 5V, Vref(-) = GND, and Speed Adjust pin 
unconnected unless othenvise specified. Boldface limits apply for Ta = Tj = Tmin to T^ax; all other limits Ta = Tj = 
+ 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limits) 

ICONV 

Mode 1 Conversion Time 
from Rising Edge of S/H 
to Falling Edge oflNT 

CIN, 

CIWM Suffixes 

Rsa = 18k 

600 

375 

750/900 

ns (max) 

ns 

tCRD 

Mode 2 Conversion Time 


m 

1400 

ns (max) 

ns 

tACCI 

Access Time (Delay from Falling 
Edge of ^ to Output Valid) 


30 

60 

ns (max) 

tACC2 

Access Time (Delay from Falling 
Edge of TO to Output Valid) 

Mode 2; Cl = lOOpF 



ns (max) 

ISH 

Minimum Sample Time 

(Figure 1 ) ; (Note 9) 


250 

ns (max) 

IlH.lOH 

TRI-STATE Control (Delay 
from Rising Edge of TO 
to High-Z State) 

Rl = Ik, Cl = 10 pF 

30 

60 

ns (max) 

1|NTH 

Delay from Rising Edge of TO 
to Rising Edge of TnT 

Cl = 100 pF 

25 

50 

ns (max) 

tp 

Delay from End of Conversion 
to Next Conversion 



50 

ns (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = +5V, V = tf = 20 ns, Vref(+) = 5V, Vref(_) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to T^ax; all other limits Ta = Tj = 
+ 25“C. (Continued) 


Symbol 

Parameter 

Conditions 


Limit 
(Note 8) 

Unfts 

(Limits) 

tMS 

Multiplexer Control Setup Time 


10 

75 


tMH 

Multiplexer Hold Time 


10 

40 



Analog Input Capacitance 


35 


pF (max) 


Logic Output Capacitance 


5 


pF (max) 


Logic Input Capacitance 


5 


pF (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V||sj) at any pin exceeds the power supply rails (V|n < GND or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja and the ambient temperature, T^. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tjmax for a board-mounted device can be found 
from the tables below: 

ADC10461 ADC10462 ADC10464 


Suffix 

^JA("C/W) 

GIN 

60 

CIWM 

82 


Suffix 

,0ja(“C/W) 

GIN 

53 

GIWM 

78 


Suffix 

OjaCC/V/) 


70 


85 


Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Typicals represent most likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 9: Accuracy may degrade if tsH is shorter than the value specified. See curves of Accuracy vs tsH- 
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Typical Performance Characteristics 


Zero (Offset) Error 
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Digital Supply Current 
vs Temperature 
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vs Temperature 
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Typical Performance Characteristics (Continued) 



Signal-to-Noise + THD Ratio 
vs Signal Frequency 
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Linearity Change 
vs Speed-Up Resistor 
(ADC10462 and ADC10464 Only) 
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TRI-STATE Test Circuits and Waveforms 


ADC10461 

ADC10462 

ADC10464 
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Timing Diagrams 




2-421 


ADC10461/ADC10462/ADC10464 




ADC10461/ADC10462/ADC1 


Timing Diagrams (Continued) 


S/H and RD 


SO 

(ADC10062 and ' 

ADC 10064 only) V/IS ■ 


SI 

(ADC10064 only) 


• ^NTH 

*— *1H» 


FIGURE 2. Mode 2 (RD Mode). The conversion time (tcRo) inciudes the 
sampling time and is determined by the internai timer. 


Simplified Block Diagram 



AGND** DGND** 


CS RD S/H SO** SI*' 


•ADC10461 Only 
♦ADC10462 and ADC10464 Only 
•ADC10464 Only 
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DBS 
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Connection Diagrams 
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Pin Descriptions 

DVcc. AVcc These are the digital and analog positive sup- 
ply voltage inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed with a 0.1 juiF ceramic 
capacitor in parallel with a 10 jaF tantalum 
capacitor to ground. 

This is the active low interrupt output. InT 
goes low at the end of each conversion, and 
returns to a high state following the rising 
edge of 

This is the Sample/Hold control input. When 
this pin Is forced low (and CS is low), it caus- 
es the analog input signal to be sampled and 
initiates a new conversion. 

This is the active low Read control input. 
When this RD and CS are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 

This is the active low Chip Select control In- 
p^ut. When low, this pin enables the RD and 
S/H pins. 

On the multiple-input devices (ADC10462 
and ADC1 0464), these pins select the analog 
input that will be connected to the A/D during 
the conversion. The input is selected based 
on the state of SO and SI when S/H makes 
Its High-to-Low transition (See the Timing Di- 
agrams). The ADC10464 includes both SO 
and SI . The ADC10462 includes just SO, and 
the ADC10461 includes neither. 


INT 


S/H 


RD 


CS 


SO, SI 


Vref-. 

Vref+ 


ViN. Vino. 
V|N1. V|N2. 
V|N3 


GND, AGND. 
DGND 


DB0-DB9 
SPEED ADJ 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Vcc. but Vref+ i^nust be greater than 
Vref-- An input voltage equal to Vref- 
produces an output code of 0, and an input 
voltage equal to (Vref+ “ 1 LSB) produces 
an output code of 1 023. 

These are the analog input pins. The 
ADC10461 has one input (V|n), the 
ADC10462 has two inputs (V|no and V|ni), 
and the ADC10464 has four inputs (Vino. 
V|N1. V|N2 and Vino). The impedance of the 
source should be less than 500n for best ac- 
curacy and conversion speed. For accurate 
conversions, no input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc or 50 mV below ground. 
These are the power supply ground pins. The 
ADC10461 has a single ground pin (GND), 
and the ADC10462 and ADC10464 have sep- 
arate analog and digital ground pins (AGND 
and DGND) for separate bypassing of the an- 
alog and digital supplies. The ground pins 
should be connected to a stable, noise-free 
system ground. For the devices with two 
ground pins, both pins should be returned to 
the same potential. 

These are the TRI-STATE output pins. 
(ADC10462 and ADC10464 only). This pin is 
normally left unconnected, but by connecting 
a resistor between this pin and ground, the 
conversion time can be reduced. See the 
Typical Performance Curves and the table of 
Electrical Characteristics. 
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Functional Description 

The ADC1 0461, ADC1 0462 and ADC10464 digitize an ana- 
log input signal to 1 0 bits accuracy by performing two lower- 
resolution “flash” conversions. The first flash conversion 
provides the six most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits LSBs). 

Figure 5 Is a simplified block diagram of the converter. Near 
the center of the diagram Is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1 /1 024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (Vref-i- “ Vref-) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has Ve of the 
total reference voltage across It, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, In groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vref+ and Vref-- Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the Initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that V|n is between 11/16 and 13/16 of Vref- 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vref- The 1 6 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data— four bits in the 
flash itself, and 2 bits in the estimator. 

The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 10-blt 
result is latched. 

Note that the sixteen comparators used In the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10461, 
ADC10462, and ADC10464 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10461, ADC10462, and ADC10464 to perform high- 
speed conversions without excessive power drain. 
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Applications Information 

1.0 MODES OF OPERATION 

The ADC1 0461, ADC1 0462, and ADC10464 have two basic 
digital interface modes. Figure 1 and Figure 2 are timing 
diagrams for the two modes. The ADC10462 and 
ADC10464 have input multiplexers that ar^ controlled by 
the logic levels on pins Sq and S-i when S/H goes low. 
Table I is a truth table showing how the input channnels are 
assigned. 

Mode 1 

|n this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
600 ns (typical), INT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS is internally 
“ANDed” with S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when^ and 
RD are low. INT is reset high on the rising edge of RD. 

TABLE I. Input Multiplexer Programming 
ADC10464 ADC10462 


Si 

So 

Channel 

0 

0 

Vino 

0 

1 

V|N1 

1 

0 

V|N2 

1 

1 

V|N3 


(a) 


So 

Channel 

0 

Vino 

1 

V|N1 


Mode 2 

In Mode 2, also called “RD mode”, the S/H and ^ pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse convej^sion and begins 
the fine conversion. 850 ns (typical) after S/H and RD are 
pull low, InT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous conversion. 

2.0 REFERENCE CONSIDERATIONS 

The ADC1 0461, ADC1 0462, and ADC10464 each have two 
reference inputs. These inputs, Vref+ and Vref-. ar® ^ully 
differential and define the zero to full-scale range of the 
input signal. The reference inputs can be connected to span 
the entire supply voltage range (Vref- = OV, Vref+ = 
Vcc) ^or ratiometric applications, or they can be connected 
to different voltages (as long as they are between ground 
and Vcc) when other input spans are required. Reducing 
the overall Vref span to less than 5V increases the sensi- 
tivity of the converter (e.g., if Vref “ 2V, then 1 LSB = 


1.953 mV). Note, however, that linearity and offset errors 
become larger when lower reference voltages are used. 
See the Typical Performance Curves for more information. 
For this reason, reference voltages less than 2V are not 
recommended. 

In most applications, Vref- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10461, 
ADC10462, and ADC10464. Vref- can be connected to a 
voltage other than ground as long as the voltage source 
connected to this pin is capable of sinking the converter’s 
reference current (12.5 mA Max @ Vref == 5V). If Vref- is 
connected to a voltage other than ground, bypass it with 
multiple capacitors. 

Since the resistance between the two reference inputs can 
be as low as 400n, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 jllF tantalum and a 0.1 juF ceramic. 

3.0 THE ANALOG INPUT 

The ADC1 0461 , ADC1 0462, and ADC1 0464 sample the an- 
alog input voltage once every conversion cycle. When this 
happens, the input is briefly connected to an impedance 
approximately equal to 600ft in series with 35 pF. Short-du- 
ration current spikes can therefore be observed at the ana- 
log input during normal operation. These spikes are normal 
and do not degrade the converter’s performance. 

Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/600ft load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 

Correct conversion results will be obtained for input volt- 
ages greater than GND - 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DVcc. o*' 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the 1C. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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Applications information (Continued) 



FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If Vref- 
is not grounded, it should also be bypassed to analog ground using multipie capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. Virq is shown with an input protection network. 
Pin 17 is normally left open, but optional “speedup” resistor Rsa can be used to reduce the conversion time. 


4.0 INHERENT SAMPLE-AND-HOLD 

Because the ADC10461, ADC10462, and ADC1 0464 sam- 
ple the Input signal once during eaph conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation A/D converter, regardless of speed, the 
input signal must be stable to better than ± 1 /2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no Internal sample-and- 
hold is used. 

Because they Incorporate a direct sample/ hold control in- 
put, the ADC1 0461, ADC1 0462, and /^C10464 are suitable 
for use In DSP-based systems. The S/H Input allows syn- 
chronization of the A/D converter to the DSP system’s sam- 
pling rate and to other ADC1 0461s, ADC1 0462s, and 
ADC1 0464s. 

The ADC10461, ADC10462, and ADC10464 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 250 kHz. 

5.0 POWER SUPPLY CONSIDERATIONS 

The ADC10461, ADC10462, and ADC1,0464 are designed 
to operate from a + 5V (nominal) power supply. There are 
two supply pins, AVcc and DVcc- These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 jaF 
ceramic capacitor in parallel with a 1 0 juF tantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 

The ADC1 0461 has a single ground pin, and the ADC10462 
and ADC10464 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 


supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be “clean” and free 
of noise. 

In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converter’s power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 

6.0 LAYOUT AND GROUNDING 

In order to ensure fast, accurate conversions from the 
ADC10461, ADC10462, and ADC10464, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 

All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result In 
reduced conversion accuracy. 

7.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
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Applications Information (Continued) 

ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Guaranteed limits for THD are given in 
the table of Electrical Characteristics. 

Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Guar- 
anteed limits are given In the Electrical Characteristics table. 
An alternative definition of signal-to-noise ratio includes the 
distortion components along with the random noise to yield 
a signal-to-noise-plus-distortion ration, or S/(N + D). 

The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
One way of describing the A/D’s performance as a function 
of signal frequency is to make a plot of “effective bits’’ ver- 
sus frequency. An ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 
equal to (6.02n + 1.8) dB, where n Is the resolution in bits 


of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


n (effective) = 


S/(N + D) (dB) - 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 


As an example, an ADC10461 with a 4.85 Vp.p, 100 kHz 
sine wave input signal will typically have a signal-to-noise- 
plus-distortion ratio of 59.2 dB, which Is equivalent to 9.63 
effective bits. As the input frequency increases, noise and 
distortion gradually increase, yielding a plot of effective bits 
or S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 

In applications that require faster conversion times, the 
Speed Adjust pin (pin 14 on the ADC10462, pin 17 on the 
ADC10464) can significantly reduce the conversion time. 
The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown In Figure 4, the internal programming cur- 
rent is increased, which reduces the conversion time. As an 
example, an 1 8k resistor reduces the conversion time of a 
typical part from 600 ns to 350 ns with no significant effect 
on linearity. Using smaller resistors to further decrease the 
conversion time is possible as well, although the linearity 
will begin to degrade somewhat (see curves). Note that the 
resistor value needed to obtain a given conversion time will 
vary from part to part, so this technique will generally require 
some “tweaking” to obtain satisfactory results. 

For applications that require guaranteed performance using 
the speed adjust pin, the ADC10662 and ADC10664 are 
tested and guaranteed for static and dynamic performance 
with a fixed value of speed-up resistor. 
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National Semiconductor 

ADC10662/ADC10664 10-Bit 360 ns 

A/D Converter with Input Multiplexer and Sample/Hold 

General Description 

Using an innovative, patented multistep^ conversion tech- 
nique, the 10-bit ADC10662 and ADC10664 are 2- and 4-in- 
put CMOS analog-to-digital converters offering sub-micro- 
second conversion times yet dissipating a maximum of oniy 
235 mW. The ADC10662 and ADC1 0664 perform a 10-bit 
conversion in two lower-resolution “flashes”, thus yielding a 
fast A/D without the cost, power dissipation, and other 
problems associated with true flash approaches. In addition 
to standard static performance specifications (Linearity, 

Full-Scale Error, etc.) dynamic performance (THD, 

S/N) is guaranteed. 

The anaiog input voltage to the ADC10662 and ADC10664 
is sampled and held by an internal sampling circuit. Input 
signals at frequencies from dc to over 250 kHz can there- 
fore be digitized accurately without the need for an external 
sample-and-hoid circuit. 

The ADC10662 and ADC10664 include a “speed-up” pin. 

Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 360 ns. 

For ease of interface to microprocessors, the ADC10662 
and ADC10664 have been designed to appear as a memory 
location or I/O port without the need for external interface 
logic. 


Ordering Information 

ADC10662 ADC10664 


*U.S. Patent Number 4918449 


Industrial 

(-40X ^ Ta ^ +85‘’C) 

Package 

ADC10662CIN 

ADC10662CIWM 

N24A Molded DIP 

M24B Small Outline 


Industrial 

(-40‘’C ^ Ta ^ +85‘’C) 

Package 

ADC10664CIN 

ADC10664CIWM 

N28B Molded DIP 

M28B Small Outline 


Features 

■ Built-in sample-and-hold 

■ Single +5V supply 

■ 2- or 4-input multiplexer options 

■ No external clock required 

Key Specifications 

■ Conversion time to 10 bits 360 ns typical, 

466 ns max over temperature 

■ Sampling Rate 1.5 MHz (min) 

■ Low power dissipation 235 mW (max) 

■ Total harmonic distortion (50 kHz) -60 dB (max) 

■ No missing codes over temperature 

Applications 

■ Digital signal processor front ends 

■ Instrumentation 

■ Disk drives 

■ Mobile telecommunications 
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Absolute Maximum Ratings (Notes 1,2) 

If Military/ Aerospace specified devices are required, Storage Temperature Range -65°Cto +150°C 

please contact the National Semiconductor Sales Junction Temperature ISO^C 

Office/Distributors for availability and specifications. 

Supply Voltage (V+ = AVcc = DVcc) -0.3V to + 6V Operating Ratings (Notes 1 . 2) 

Voltage at Any Input or Output -0.3V to V+ + 0.3V Temperature Range Tmin ^ Ta ^ Tmax 

Input Current at Any Pin (Note 3) 5 mA ADC10662CIN, ADC1 0662CIWM, 

Package Input Current (Note 3) 20 mA ADC1 0664CIN, 

n *• /M * ADC10664CIWM -40“C ^ Ta ^ +85'’C 

Power Dissipation (Note 4) 875 mW ^ 

ESDSusceptability(Note5) 2000V Supply Voltage Range 4.5V to 5.5V 

Soldering Information (Note 6) 

N Package (1 0 Sec) 260'’C 

SO Package: 

Vapor Phase (60 Sec) 21 S^C 

Infrared (1 5 Sec) 220°C 

Converter Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = +5V, Vref(-) = GND, and Speed Adjust pin connected to 
ground through a 14.0 kn resistor (Mode 1) or an 8.26 kn resistor (Mode 2) unless otherwise specified. Boldface limits apply 
for Ta = Tj = Tn/iin to T^axi all other limits Ta = Tj = +25‘’C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limit) 


Resolution 



10 

Bits 


Integral Linearity Error 


±0.5 

±1.0/ ±1.5 

LSB 


Offset Error 



±1 

LSB (max) 


Full-Scale Error 



±1 

LSB (max) 

HUH 

Total Unadjusted Error 


±0.5 

±1.5/ ±2.0 

LSB 


Missing Codes 



O 

(max) 


Power Supply Sensitivity 

V+ = 5V ±5%, Vref = 4.5V 

±Vl6 


LSB 



V+ = 5V ±10%, Vref = 4.5V 

iVs 


LSB 

THD 

Total Harmonic Distortion (Note 10) 

f|N = 1 kHz, 4.85 Vp.p 

-68 


dB 



f|N = 50 kHz. 4.85 Vp.p 

-66 

-60 

dB (max) 



f|N = 100 kHz. 4.85 Vp.p 

-62 


dB 



flN = 240 kHz. 4.85 Vp.p 

-58 


dB 


Signal-to-Noise Ratio (Note 10) 

flN = 1 kHz, 4.85 Vp.p 



dB 



f|N = 50 kHz. 4.85 Vp.p 


58 

dB (min) 



f|N = 100 kHz, 4.85 Vp.p 



dB 


Effective Number of Bits (Note 10) 

flN = 1 kHz. 4.85 Vp.p 



Bits 

■■I 


flN = 50 kHz. 4.85 Vp.p 


9 

Bits (min) 

Rref 

Reference Resistance 



400 

n (min) 





900 

n (max) 

VreF( + ) 

Vref{+) Input Voltage 



V+ ± 0.05 

V (max) 

VreF(-) 

Vref(-) Input Voltage 



GND - 0.05 

V (min) 

VreF(+) 

VreF(+) Input Voltage 



VreF(-) 

V (min) 

VreF(-) 

Vref(-) Input Voltage 



VreF( + ) 

V (max) 

V|N 

Input Voltage 



V+ ± 0.05 

V(max) 

V|N 

Input Voltage 




V (min) 


OFF Channel Input Leakage Current 

CS = V + ,V|N = V+ 

0.01 

3 

jllA (max) 


ON Channel Input Leakage Current 

CS = V+, ViN = V+ 

±1 

-3 

jliA (max) 
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DC Electrical Characteristics 

The following specifications apply for V+ = +5V, Vref(+) = 5V Vref(-) = GND, and Speed Adjust pin connected to ground 
through a 14.0 kft resistor (Mode 1) or an 8.26 kft resistor (Mode 2) unless otherwise specified. Boldface limits apply for Ta = 

Tj = Twin to Tmax; other limits Ta = Tj = +25"C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limits) 

V|N(1) 

Logical “1” Input Voltage 

V+=5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5V 


0.8 

V (max) 

hN(1) 

Logical “1” Input Current 

V,N(i) = 5V 

0.005 

3.0 

jaA (max) 

l|N(0) 

Logical “0” Input Current 

V|N(0) OV 

-0.005 

- 3.0 

jaA (max) 

VoUT(1) 

Logical “1 ” Output Voltage 

V+ = 4.5V. louT = -360 jxA 

V+ = 4.5V. lour = -lOjaA 


2.4 

4.25 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

V+ = 4.5V. louT = 1-6 mA 


0.4 

V (max) 

•out 

TRI-STATE® Output Current 

< < 
o o 
c c 

H H 

II II 

O Ol 
< < 

0.1 

-0.1 

50 

-50 

juiA (max) 
juiA (max) 

Dice 

DVee Supply Current 

CS = S/H = RD = 0 

1.0 

2 

mA (max) 

Alec 

AVee Supply Current 

CS = S/H = m = 0 

30 

45 

mA (max) 

AC Electrical Characteristics 

The following specifications apply for V+ = +5V, V = tf = 20 ns, Vref(+) = 5V, Vref(-) = GND, and Speed Adjust pin 
connected to ground through a 14.0 kft resistor (Mode 1) or an 8.26 kft resistor (Mode 2) unless otherwise specified. Boldface 
limits apply for Ta = Tj = Tmin to Tmax; all oth©'' I'fnits Ta = Tj = +25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limits) 

tcONV 

Mode 1 Conversion Time 
from Rising Edge of S/H 
to Falling Edge of InT 

CIN, CIWM Suffixes 

360 

466 

ns (max) 

tCRD 

Mode 2 Conversion Time 

CIN, CIWM Suffixes 

470 

610 

ns (max) 

tACC1 

Access Time (Delay from Falling 
Edge of ^ to Output Valid) 

Model; Cl = 100 pF 

30 

50 

ns (max) 

tACC2 

Access Time (Delay from Falling 
Edge of ^ to Output Valid) 

Mode 2; CIN, CIWM Suffixes 

Cl=100pF 

475 

616 

ns (max) 

tSH 

Minimum Sample Time 

Mode 1 (Figure 1 ) ; (Note 9) 


150 

ns (max) 

tiH.toH 

TRI-STATE Control (Delay 
from Rising Edge of RD 
to High-Z State) 

u. 

QL 

o 

II 

-i 

o 

II 

oc 

30 

60 

ns (max) 

tiNTH 

Delay from Rising Edge of ^ 
to Rising Edge of InT 

Cl= 100 pF 

25 

50 


tp 

Delay from End of Conversion 
to Next Conversion 



50 

ns (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = +5V, tr = tf = 20 ns, Vref(+) = SV, Vref(_) = GND, and Speed Adjust pin 
connected to ground through a 14.0 kn resistor (Mode 1) or an 8.26 kfl resistor (Mode 2) unless otherwise specified. Boldface 
limits appiy for Ta = Tj = Tmin to T^ax; all other limits Ta = Tj = +25°C. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limits) 

tMS 

Multiplexer Control Setup Time 


10 

75 

ns (max) 


Multiplexer Hold Time 


10 

40 

ns (max) 

CviN 

Analog Input Capacitance 


35 


pF (max) 

Cqut 

Logic Output Capacitance 


5 


pF (max) 

C|N 

Logic Input Capacitance 


5 


pF (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 

Note 2: All voltages are measured with respect to GND. unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package iriput current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax. ^ja and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tjmax for a board-mounted device can be found 
from the tables below: 

ADC10662 


Note 5: Human body model, 1 00 pF discharged through a 1 .5 kH resistor. 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability" or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Typicals represent most likely parametric norm. 

Note 8: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 9: Accuracy may degrade if tsn is shorter than the value specified. See curves of Accuracy vs tsH- 
Note 10: THD, SNR, and ENOB are tested in Mode 1. Measuring these quantities in Mode 2 yields similar values. 


Suffix 

0ja(‘’C/W) 

CIN 

60 

CIWM 

82 


ADC10664 


Suffix 

«ja(“c/W) 

CIN 

53 

CIWM 

78 
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SIGNAL-TO-HOISE+THO RATIO (dB) 


Typical Performance Characteristics (Continued) 


Signal-to-Noise + THD Ratio 
vs Signal Frequency 



10k 20k 50k 100k 200k 

FREQUENCY (Hz) 


Linearity Change vs 
Speed-Up Resistor 



SPEED-UP RESISTOR. Rsa (kn) 


Linearity Change 
vs Speed-Up Resistor 



SPEED-UP RESISTOR, Rj^ (kn) 


Linearity Error Change 
vs Sample Time 



0 20 40 60 80 100 120140 160 180 2DO 
SAMPLE TIME, teu (ns) 

TL/H/11192-2 
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Timing Diagrams 



TL/H/11192-7 

FIGURE 1. Mode 1. The conversion time (troNv) is set by the internal timer. 





Timing Diagrams (Continued) 

“ Vi 

I I 

S/H and W ! \ 


SI 

(ADC 10664 only) 


-^NTH 

*— V)H 


FIGURE 2. Mode 2 (RD Mode). The conversion time (tcRo) includes the 
sampling time and is determined by the internal timer. 


Simplified Block Diagram 



GND’ AGNO DGND 


CS RD S/H SO SI* 


•ADC10664 Only 
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Connection Diagrams 


Duai-ln-Line Package 


INT-12 

Vh-Is 



24 

-DBO (LSB) 

2 

23 

-DB1 

3 

22 

-DB2 

4 

21 

“DB3 

5 

20 

-DB4 

^ ADC10662 

19 

-DBS 

7 

18 

-DB6 

8 

17 

-DB7 

9 

16 

-DB8 

10 

15 

-DB9 (MSB) 

11 

14 

-SPEED ADJ 

12 

13 

-DGND 


Top View 


Pin Descriptions 

DVcc. AVcc These are the digital and analog positive sup- 
ply voltage Inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed with a 0.1 |liF ceramic 
capacitor in parallel with a 10 fjiF tantalum 
capacitor to ground. 

InT This is the active low interrupt output. iNT 

goes low at the end of each conversion, and 
returns to a high state following the rising 
edge of RD. 

S/H This is the Sample/Hold control input. When 

this pin Is forced low (and CS Is low), It caus- 
es the analog input signal to be sampled and 
initiates a new conversion. 

RD This is the active low Read control input. 

When this RD and CS are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 

This Is the active low Chip Select control in- 
put. When low, this pin enables the RD and 
§/H pins. 

SO, S1 These pins select the analog input that will be 
connected to the A/D during the conversion. 
The input is selected based on the state of 
SO and SI when S/H makes its High-to-Low 
transition (See the Timing Diagrams). The 
ADC10664 includes both SO and SI. The 
ADC10662 includes just SO. 


ual-ln-Line Packag 


28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 ADC10664 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


28|— DBO (LSB) 


18|-DB9 (MSB) 
lyUsPEED ADJ 


TL/H/1 1192-11 


Top View 


Vref- . These are the reference voltage inputs. They 

Vref+ may be placed at any voltage between GND 
and Vcc. but Vref+ must be greater than 
Vref-- An Input voltage equal to Vref- 
produces an output code of 0, and an input 
voltage equal to (Vref+ “ 1 LSB) produces 
an output code of 1 023. 

V|No, V|Ni, These are the analog input pins. The 
V|N2. V|N 3 ADC10662 has two inputs (Vino and V|ni) 
and the ADC10664 has four inputs (Vino. 
V|N1. V|N2 and Vins). The impedance of the 
source should be less than 500n for best ac- 
curacy and conversion speed. For accurate 
conversions, no input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc or 50 mV below ground. 
GND, AGND, These are the power supply ground pins. The 
DGND ADC10662 and ADC10664 have separate 
analog and digital ground pins (AGND and 
DGND) for separate bypassing of the analog 
and digital supplies. The ground pins should 
be connected to a stable, noise-free system 
ground. Both pins should be returned to the 
same potential. 

DB0-DB9 These are the TRI-STATE output pins. 
SPEED ADJ By connecting a resistor between this pin and 
ground, the conversion time can be reduced. 
The specifications listed in the table of Elec- 
trical Characteristics apply for a speed adjust 
resistor (Rsa) equal to 14.0 kft (Mode 1) or 
8.26 kn (Mode 2). See the Typical Perform- 
ance Curves and the table of Electrical Char- 
acteristics. 
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Functional Description 

To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that V|n is between 11/16 and 13/16 of Vref- 
The estimator decoder will instruct the comparator MUX to 
connect the 1 6 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vref- The 1 6 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data — four bits in the 
flash itself, and 2 bits in the estimator. 

The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the In- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 1 0-bit 
result is latched. 

Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10662 and 
ADC10664 needs only a small fraction of the number of 
comparators that would be required for a traditional flash 
converter, and far fewer than would be used in a conven- 
tional half-flash approach. This allows the ADC10662 and 
ADC10664 to perform high-speed conversions without ex- 
cessive power drain. 



The ADC10662 and ADC10664 digitize an analog input sig- 
nal to 1 0 bits accuracy by performing two lower-resolution 
“flash” conversions. The first flash conversion provides the 
six most significant bits (MSBs) of data, and the second 
flash conversion provides the four least significant bits 
LSBs). 

Figure 5 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (Vref+ “ Vref-) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has % of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vref+ and Vref-- Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 
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Applications Information 

1.0 MODES OF OPERATION 

The ADC10662 and ADC10664 have two basic digital inter- 
face modes. Figure 1 and Figure 2 are timing diagrams for 
the two modes. The ADC10662 and ADC10664 have input 
multiplexers that are controlled by the logic levels on pins 
So and Si when S/H goes low. Table I is a truth table show- 
ing how the input channnels are assigned. 

Model 

In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 150 ns. This causes the 
comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
360 ns (typical), I NT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS Is internally 
“AND^’ with _S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when ^ and 
RD are low. INT is reset high on the rising edge of RD. 

TABLE I. Input Multiplexer Programming 
ADC10664 ADC10662 


Si 

So 

Channel 

0 

0 

Vino 

0 

1 

V|N1 

1 

0 

V|N2 

1 

1 

V|N3 


(a) 


So 

Channel 

0 

Vino 

1 

V|N1 


Mode 2 

In Mode 2, also called “TO mode”, the S/H and ^ pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 470 ns (typical) after S/H and RD are 
pulled low, INT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous conversion. 

2.0 REFERENCE CONSIDERATIONS 

The ADC10662 and ADC10664 each have two reference 
inputs. These inputs, Vref+ and Vref-. are fully differen- 
tial and define the zero to full-scale range of the input signal. 
The reference inputs can be connected to span the entire 
supply voltage range (Vref- = OV, Vref+ = Vcc) for 
ratiometric applications, or they can be connected to differ- 
ent voltages (as long as they are between ground and Vcc) 
when other input spans are required. Reducing the overall 
Vref span to less than 5V Increases the sensitivity of the 
converter (e.g., if Vref - 2V, then 1 LSB = 1.953 mV). 


Note, however, that linearity and offset errors become larg- 
er when lower reference voltages are used. See the Typical 
Performance Curves for more information. For this reason, 
reference voltages less than 2V are not recommended. 

In most applications, Vref- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10662 and 
ADC10664. Vref- can be connected to a voltage other 
than ground as long as the voltage source connected to this 
pin is capable of sinking the converter’s reference current 
(12.5 mA Max @ Vref = 5V). If Vref- 's connected to a 
voltage other than ground, bypass It with multiple capaci- 
tors. 

Since the resistance between the two reference inputs can 
be as low as 400n, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 juiF tantalum and a 0.1 jxF ceramic. 

3.0 THE ANALOG INPUT 

The ADC10662 and ADC10664 sample the analog input 
voltage once every conversion cycle. When this happens, 
the input is briefly connected to an impedance approximate- 
ly equal to 600ft In series with 35 pF. Short-duration current 
spikes can therefore be observed at the analog input during 
normal operation. These spikes are normal and do not de- 
grade the converter’s performance. 

Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500ft should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/600ft load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 

Correct conversion results will be obtained for input volt- 
ages greater than GND - 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DVcc. or 
more than 300 mV lower than GND. If an analog input pin Is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the 1C. The sum of all the overdrive currents Into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If Vp^p- 
is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. Vino shown with an input protection network. 


4.0 INHERENT SAMPLE-AND-HOLD 

Because the ADC10662 and ADC10664 sample the input 
signal once during each conversion, they are capable of 
measuring relatively fast input signals without the help of an 
external sample-hold. In a non-sampling successive-approx- 
imation A/D converter, regardless of speed, the input signal 
must be stable to better than ± 1 /2 LSB during each con- 
version cycle or significant errors will result. Consequently, 
even for many relatively slow input signals, the signals must 
be externally sampled and held constant during each con- 
version if a SAR with no internal sample-and-hold is used. 
Because they incorporate a direct sample/hold control in- 
put, the ADC10662 and /^C10664 are suitable for use In 
DSP-based systems. The S/H input allows synchronization 
of the A/D converter to the DSP system’s sampling rate and 
to other ADC1 0662s, and ADC1 0664s. 

The ADC10662 and ADC10664 can perform accurate con- 
versions of Input signals with frequency components from 
DC to over 250 kHz. 

5.0 POWER SUPPLY CONSIDERATIONS 

The ADC10662 and ADC10664 are designed to operate 
from a + 5V (nominal) power supply. There are two supply 
pins, AVcc and DVcc- These pins allow separate external 
bypass capacitors for the analog and digital portions of the 
circuit. To guarantee accurate conversions, the two supply 
pins should be connected to the same voltage source, and 
each should be bypassed with a 0.1 juiF ceramic capacitor In 
parallel with a 1 0 jllF tantalum capacitor. Depending on the 
circuit board layout and other system considerations, more 
bypassing may be necessary. 

The ADC10662 and ADC10664 have separate analog and 
digital ground pins for separate bypassing of the analog and 
digital supplies. Their ground pins should be connected to 
the same potential, and all grounds should be “clean” and 
free of noise. 


In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converter’s power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 

6.0 LAYOUT AND GROUNDING 

In order to ensure fast, accurate conversions from the 
ADC10662 and ADC10664, it is necessary to use appropri- 
ate circuit board layout techniques. The analog ground re- 
turn path should be low-impedance and free of noise from 
other parts of the system. Noise from digital circuitry can be 
especially troublesome, so digital grounds should always be 
separate from analog grounds. For best performance, sepa- 
rate ground planes should be provided for the digital and 
analog parts of the system. 

All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result In 
reduced conversion accuracy. 

7.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
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ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Guaranteed limits for THD are given in 
the table of Electrical Characteristics. 


sus frequency. An ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 
equal to (6.02n + 1 .8) dB, where n is the resolution in bits 
of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


n (effective) = 


S/(N + D)(dB) - 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 


As an example, an ADC10662 with a 4.85 Vp.p, 100 kHz 
sine wave input signal will typically have a signal-to-noise- 
plus-distortion ratio of 59.2 dB, which is equivalent to 9.53 
effective bits. As the input frequency increases, noise and 
distortion gradually increase, yielding a plot of effective bits 
or S/(N + D) as shown In the typical performance curves. 


Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Guar- 
anteed limits are given in the Electrical Characteristics table. 
An alternative definition of signal-to-noise ratio Includes the 
distortion components along with the random noise to yield 
a signal-to-noise-plus-distortion ration, or S/(N + D). 

The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
One way of describing the A/D’s performance as a function 
of signal frequency is to make a plot of “effective bits’’ ver- 


8.0 SPEED ADJUST 

The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent Is increased, which reduces the conversion time. The 
ADC10662 and ADC10664 are specified and guaranteed for 
operation with Rsa = 14.0 kft (Mode 1) or Rsa = 8.26k 
(Mode 2). Smaller resistors will result in faster conversion 
times, but linearity will begin to degrade as Rsa becomes 
smaller (see curves). 
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Semiconductor 


ADC12H030/ADC12H032/ADC12H034/ADC12H038, 
ADC 1 2030/ ADC 1 2032/ ADC 1 2034/ ADC 1 2038 
Self-Calibrating 12-Bit Pius Sign Seriai I/O 
A/D Converters with MUX and Sample/Hoid 


General Description 

The ADC12030, and ADC12H030 families are 12-bit plus 
sign successive approximation A/D converters with serial 
I/O and configurable input multiplexers. The ADC12032/ 
ADC12H032, ADC12034/ADC12H034 and ADC12038/ 
ADC1 2H038 have 2, 4 and 8 channel multiplexers, respec- 
tively. The differential multiplexer outputs and A/D inputs 
are available on the MUXOUTI, MUXOUT2, A/DIN1 and 
A/DIN2 pins. The ADC12030/ADC12H030 has a two chan- 
nel multiplexer with the multiplexer outputs and A/D Inputs 
Internally connected. The ADC12030 family is tested with a 
5 MHz clock, while the ADC12H030 family is tested with an 
8 MHz clock. On request, these A/Ds go through a self 
calibration process that adjusts linearity, zero and full-scale 
errors to less than ± 1 LSB each. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OV to + 5V) can be accommodated with a single + 5V sup- 
ply. In the differential modes, valid outputs are obtained 
even when the negative inputs are greater than the positive 
because of the 1 2-bit plus sign output data format. 

The serial I/O Is configured to comply with the NSC 
MICROWIREtm. For complementary voltage references see 
the LM4040. LM4041 or LM9140. 

Applications 

■ Medical instruments 

■ Process control systems 

■ Test equipment 


Features 

■ Serial I/O (MICROWIRE Compatible) 

■ 2, 4, or 8 channel differential or single-ended 
multiplexer 

■ Analog input sample/hold function 

■ Power down mode 

■ Variable resolution and conversion rate 
B Programmable acquisition time 

B Variable digital output word length and format 
B No zero or full scale adjustment required 
m Fully tested and guaranteed with a 4.096V reference 
B OV to 5V analog input range with single 5V power 
supply 

B No Missing Codes over temperature 

Key Specifications 

B Resolution 

El 12-bit plus sign conversion time 

— ADC12H030 family 

— ADC12030 family 
B 12-bit plus sign throughput time 

— ADC12H030 family 

— ADC12030 family 
B Integral linearity error 
B Single supply 
B Power dissipation 

— Power down 


12-bit plus sign 

5.5 juts (max) 
8.8 juts (max) 

8.6 juts (max) 
14 juts (max) 

± 1 LSB (max) 
5V ±10% 
33 mW (max) 
100 jutW (typ) 


ADC12038 Simpiified Biock Diagram 
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Connection Diagrams 
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24-Pih Duai-ln-Line and 
Wide Body SO Packages 
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20-Pin Dual-ln-Line and 
Wide Body SO Packages 
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28-Pin Dual-ln-Line and 
Wide Body SO Packages 


COM — 9 
MUX0UT1 — 10 
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Ordering Information 


Industrial Temperature Range 
-40‘’C ^ Ta ^ +85X 

Package 

ADC12H030CIN, ADC12030CIN 

N16E 

ADC12H030CIWM. ADC12030CIWM 

M16B 

ADC1 2H032CIN, ADC1 2032C1N 

N20A 

ADC1 2H032CIWM, ADC1 2032CI WM 

M20B 

ADC12H034CIN, ADC12034CIN 

N24C 

ADC12H034CIWM, ADC12034CIWM 

M24B 

ADC12H038CiN. ADC12038CIN 

N28B 

ADC12H038CIWM. ADC12038CIWM 

M28B 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Positive Supply Voltage , 

(V+ = Va+ = Vd + ) 6.5V 

Voltage at Inputs and Outputs 
except CH0-CH7 and COM -0.3V to V+ +0.3V 

Voltage at Analog Inputs 

CH0-CH7 and COM GND-5VtoV+ +5V 

|Va+-Vd+| 300 mV 

Input Current at Any Pin (Note 3) ±30 mA 

Package Input Current (Note 3) ±120 mA 

Package Dissipation at 

Ta = 25°C (Note 4) 500 mW 

ESD Susceptability (Note 5) 

Human Body Model 1 500V 

Soldering Information 

Operating Ratings (Notes 1 & 2 ) 

Operating Temperature Range T^in ^ Ta ^ Tmax 

ADC12030CIN, ADC12030CIWM, 

ADC12H030CIN, ADC12H030CIWM, 

ADC1 2032CIN, ADC1 2032CIWM, 

ADC12H032CIN, ADC12H032CIWM, 

ADC12034CIN, ADC12034CIWM, 

ADC12H034CIN, ADC12H034CIWM, 

ADC1 2038CIN. ADC1 2038CIWM, ' 

ADC12H038CIN, 

ADC12H038CIWM -40“C ^ Ta ^ +85°C 

Supply Voltage (V+ = Va+ = Vd+) . + 4.5V to +5.5V 

|Va+ - Vd + 1 ^ 100 mV 

Vref"^ OVtoVA"^ 

Vref“ OVtoVREF*^ 

VrefCVreF"^ “ Vref") 1VtoVA + 

Vref Common Mode Voltage Range 
(Vref+ + Vref-) ni 

N Packages (1 0 seconds) 260'’C 

SO Package (Note 6): 

Vapor Phase (60 seconds) 21 5'’C 

Infrared (1 5 seconds) 220'’C 

Storage T emperature - 65“C to + 1 50°C 

A/D1N1, A/DIN2, MUXOUT1 
and MUXOUT2 Voltage Range 0 V to Va + 

A/D IN Common Mode Voltage Range 

0VtOVA+ 

Converter Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +5.0 Voc. Vref"^ = +4.096 Vdc. Vref" = 0 Vgc, 12-bit + 
sign conversion mode, fcK = fsK = 5 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcK = fsK = 

5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 250, source impedance for Vref"^ and Vref~ ^ 
250, fully-differential input with fixed 2.048V common-mode voltage, and 10(tcK) acquisition time unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj.= 25‘’C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS 


Resolution with No Missing Codes 



12 + sign 

Bits (min) 

+ ILE 

Positive Integral Linearity Error 

After Auto-Cal (Notes 12, 18) 

±1/2 

±1 

LSB (max) 

-ILE 

Negative Integral Linearity Error 

After Auto-Cal (Notes 12,18) 

±1/2 

±1 

LSB (max) 

DNL 

Differential Nori-Linearity 

After Auto-Cal 


±1 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Notes 12, 18) 

±1/2 

±3.0 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 8) 

±1/2 

±3.0 

LSB (max) 


Offset Error 

After Auto-Cal (Notes 5, 1 8) 
V|n(+) = V|n(-) = 2.048V 

±1/2 

±2 

LSB (max) 


DC Common Mode Error 

After Auto-Cal (Note 1 5) 

±2 

±3.5 

LSB (max) 

TUE 

Total Unadjusted Error 

After Auto-Cal 
(Notes 12, 13 and 14) 

±1 


LSB 

imH 

Resolution with No Missing Codes 

8-bit + sign mode 


8 + sign 

Bits (min) 


Positive Integral Linearity Error 

8-bit + sign mode (Note 12) 


±1/2 

LSB (max) 


Negative Integral Linearity Error 

8-bit + sign mode (Note 12) 


±1/2 

LSB (max) 

DNL 

Differential Non-Linearity 

8-bit + sign mode 


±3/4 

LSB (max) 

ifHmi 

Positive Full-Scale Error 

8-bit + sign mode (Note 12) 


±1/2 

LSB (max) 
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Converter Electrical Characteristics (continued) 

The following specifications apply for V+ = Va+ = Vd+ = +5.0 Vdc. Vref'*' = +4.096 Vdc. Vref" = 0 Vdc. 12-bit + 
sign conversion mode, fcK = ISK = 5 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcK = IsK = 

5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 25n, source impedance for Vref+ and Vref“ ^ 
25n, fully-differential input with fixed 2.048V common-mode voltage, and lO(tcK) acquisition time unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25‘’C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typicai 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS (Continued) 


Negative Full-Scale Error 

8-bit + sign mode (Note 12) 


± 1/2 

LSB (max) 


Offset Error 

8-bit + sign mode, 
after Auto-Zero (Note 13) 

V|n( + ) = V|N(-) = + 2.048V 


± 1/2 

LSB (max) 

TUE 

Total Unadjusted Error 

8-bit + sign mode 
after Auto-Zero 
(Notes 12, 13 and 14) 


± 3/4 

LSB (max) 


Multiplexer Channel to Channel 
Matching 


±0.05 


LSB 


Power Supply Sensitivity 

Offset Error 
+ Full-Scale Error 

- Full-Scale Error 
+ Integral Linearity Error 
- Integral Linearity Error 

V+ = +5V ±10% 

Vref = +4.096V 

, , ■ 

±0.5 

±0.5 

±0.5 

±0.5 

±0.5 

±1 

± 1.5 

± 1.5 

LSB (max) 
LSB (max) 
LSB (max) 
LSB 

LSB 


Output Data from 
“12-Blt Conversion of Offset” 

(see Table V) 

(Note 20) 


+ 10 
-10 

LSB (max) 
LSB (min) 


Output Data from 

“12-Bit Conversion of Full-Scale” 

(see Table V) 

(Note 20) 


4095 

4093 

n 

UNIPOLAR DYNAMIC CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus 

Distortion Ratio 

f|N = 1 kHz, V|N = 5 Vpp, Vref+ = 5.0V 
f|N = 20 kHz, V|N = 5 Vpp, Vref+ = 5.0V 
f|N ~ 40 kHz, V||\| = 5 Vpp, Vref"^ ~ 5.0V 

69.4 

68.3 

65.7 


dB 

dB 

dB 


-3 dB Full Power Bandwidth 

V|N = 5 Vpp, where S/(N + D) drops 3 dB 

31 


kHz 

DIFFERENTIAL DYNAMIC CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus 

Distortion Ratio 

f|N = 1 kHz,V|N = ±5V, Vref+ = 5.0V 
flN = 20kHz,V|N = ±5V, Vref+ = 5.0V 
f|N = 40 kHz, V|N = ±5V, Vref+ = 5.0V 

77.0 

73.9 

67.0 


dB 

dB 

dB 


-3 dB Full Power Bandwidth 

V|N = ± 5V, where S/(N + D) drops 3 dB 

40 


kHz 
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Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +5.0 Vdc. Vref"^ = + 4.096 Vdc. Vref“ = 0 Vqc. 12-bit + 
sign conversion mode, fcK IsK = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcK = IsK = 
5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 2511, source impedance for Vref"^ and Vref“ ^ 
2511, fully-differential input with fixed 2.048V common-mode voltage, and 1 0(tcK) acquisition time unless otherwise specified. 
Boldface limits apply for Ta = Tj = T^in to Tmax; all other limits Ta = Tj = 25°C. (Notes 7, 8 and 9) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

REFERENCE INPUT, ANALOG INPUTS AND MULTIPLEXER CHARACTERISTICS 

Gref 

Reference Input Capacitance 


85 


PF 

Ca/d 

A/DIN1 and A/DIN2 Analog Input 
Capacitance 


75 


PF 


A/DIN1 and A/DIN2 Analog Input 
Leakage Current 

V|N = +5.0V or 

V,N = OV 

±0.1 

±1.0 

fiA (max) 


CH0-CH7 and COM Input Voltage 



GND - 0.05 
Va+ + 0.05 

V (min) 

V (max) 

CCH 

CH0-CH7 and COM Input Capacitance 


10 


pF 

Cmuxout 

MUX Output Capacitance 


20 


pF 


Off Channel Leakage (Note 1 6) 
CH0-CH7 and COM Pins 

On Channel = 5V and 

Off Channel = OV 

-0.01 

-0.3 

/xA (min) 

On Channel = OV and 

Off Channel = 5V 

0.01 

0.3 

jliA (max) 


On Channel Leakage (Note 1 6) 
CH0-CH7 and COM Pins 

On Channel = 5V and 

Off Channel = OV 

0.01 

0.3 

julA (max) 

On Channel = OV and 

Off Channel = 5V 

-0.01 

-0.3 

jllA (min) 


MUXOUT1 and MUXOUT2 

Leakage Current 

Vmuxout = 5.0V or 
VmUXOUT = OV 

0.01 

0.3 

jaA (max) 

Ron 

MUX On Resistance 

V|N = 2.5V and 

VmUXOUT = 2.4V 

850 

1150 

H (max) 


Ron Matching Channel to Channel 

V|N = 2.5V and 

VmUXOUT = 2.4V 

5 


% 


Channel to Channel Crosstalk 

V|N = 5 Vpp, f|N = 40 kHz 

-72 


dB 


MUX Bandwidth 


90 


kHz 
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DC and Logic Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +5.0 Vdc. Vref+ = +4.096 Vdc. Vref“ = 0 Vdc. 12-bit + 
sign conversion mode, fck = ^SK = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcK = ^SK = 
5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 25ft, source impedance for Vref'^ and Vref~ ^ 
25ft, fully-differential input with fixed 2.048V common-mode voltage, and lO(tcK) acquisition time unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits Ta = Tj = 25‘’C. (Notes 7, 8 and 9) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

CCLK, CS, CONV, Dl, PD AND SCLK INPUT CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

V+ = 5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 4.5V 


0.8 

V (max) 

l|N(1) 

Logical “1 ” Input Current 

V|N = 5.0V 


1.0 

jliA (max) 



V,N = OV 


-1.0 

jliA (min) 


DO, EOC AND DOR DIGITAL OUTPUT CHARACTERISTICS 






2.4 

4.25 

V (min) 

V (min) 

VoUT(O) 


V+ = 4.5V, louT = 1.6 mA 


0.4 

V (rhax) 

Iqut 

TRI-STATE Output Current 

Vqut = 6V 

-0.1 

- 3.0 

/xA (max) 



VoUT = 

0.1 

3.0 

jliA (max) 

+ lsc 

Output Short Circuit Source Current 

Vqut = OV 

14 

6.5 

mA (min) 

-isc 

Output Short Circuit Sink Current 

Vqut = Vd+ 

16 

8.0 

mA (min) 


POWER SUPPLY CHARACTERISTICS 



Digital Supply Current 

ADC12030, ADC12032, ADC12034 
and ADC12038 

Awake 

CS = HIGH, Powered Down, CCLK on 
^ = HIGH, Powered Down, CCLK off 

1.6 

600 

20 

2.5 

mA (max) 
JLtA 

jaA 


Digital Supply Current 

Awake 

2.3 

3.2 

mA 


ADC12H030, ADC12H032, ADC12H034 

CS = HIGH, Powered Down, CCLK on 

0.9 


mA 


and ADC12H038 

CS = HIGH, Powered Down, CCLK off 

20 


/xA 

Ia+ 

Positive Analog Supply Current 

Awake 

2.7 

4.0 

mA (max) 



^ = HIGH, Powered Down, CCLK on 

10 


fxA 



^ = HIGH, Powered Down, CCLK off 

0.1 


jutA 

•ref 

Reference Input Current 

Awake 

70 


jixA 



CS = HIGH, Powered Down 

0.1 


fxA 
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AC Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +5.0 Vdc. Vref"^ = +4.096 Vdc. Vref“ = 0 Vdc. 12-bit + 
sign conversion mode, tr = tf = 3 ns, fcK = fsK = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, 
^CK = ^SK = 5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 250, source impedance for Vref"^ and 
Vref“ ^ 250, fully-differential input with fixed 2.048V common-mode voltage, and lO(tcK) acquisition time unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; all othar Uniits Ta = Tj = 25°C. (Note 17) 




— 

Typical 
(Note 10) 

ADC12H030/2/4/8 

ADC12030/2/4/8 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

Limits 
(Note 11) 

Limits 
(Note 11) 

fCK 

Conversion Clock 


10 

8 

5 

MHz (max) 


(CCLK) Frequency 


1 



MHz (min) 

fSK 

Serial Data Clock 


10 

8 

5 

MHz (max) 


SCLK Frequency 


0 



Hz (min) 


Conversion Clock 



40 

40 

% (min) 


Duty Cycle 



60 

60 

% (max) 


Serial Data Clock 



40 

40 

% (min) 


Duty Cycle 



60 

60 

% (max) 

tc 

Conversion Time 

12-Bit + Sign or 12-Bit 

44(tcK) 

44 (tcK) 

44 (tcK) 

(max) 





5.5 

8.8 

jLts (max) 



8-Bit + Sign or 8-Bit 

21(tcK) 

21 (tcK) 

21 (tcK) 

(max) 





2.625 

4.2 

jLLS (max) 

tA 

Acquisition Time 

6 Cycles Programmed 

6(tcK) 

6 (tcK) 

6 (tcK) 

(min) 


(Note 19) 



7 (tcK) 

7 (tcK) 

(max) 





0.75 

1.2 

jxs (min) 





0.875 

1.4 

ILLS (max) 



1 0 Cycles Programmed 

lO(tcK) 

lO(tcK) 

lO(tcK) 

(min) 





1 1 (tCK) 

11 (tCK) 

(max) 





1.25 

2.0 

juls (min) 





1.375 

2.2 

jus (max) 



18 Cycles Programmed 

18(tCK) 

18 (tcK) 

18 (tcK) 

(min) 





19 (tcK) 

19 (tcK) 

(max) 





2.25 

3.6 

jLis (min) 





2.375 

3.8 

jas (max) 



34 Cycles Programmed 

34(tcK) 

34 (tcK) 

34 (tcK) 

(min) 





35 (tcK) 

35 (tcK) 

(max) 





4.25 

6.8 

jLis (min) 





4.375 

7.0 

JULS (max) 

tCKAL 

Self-Calibration Time 


4944(tcK) 

4944 (tcK) 

4944 (tcK) 

(max) 





618.0 

988.8 

fis (max) 

Uz 

Auto-Zero Time 


76(tcK) 

76(tcK) 

76(tcK) 

(max) 





9.5 

15.2 

JULS (max) 

tSYNC 

Self-Calibration or 


2(tcK) 

2 (tcK) 

2 (tcK) 

(min) 


Auto-Zero Synchronization 



3 (tcK) 

3 (tcK) 

(max) 


Time from DOR 



0.250 

0.40 

JULS (min) 





0.375 

0.60 

JULS (max) 

toOR 

DOR High Time 


9(tsK) 

9(tsK) 

9 (tsK) 

(max) 


when CS is Low 
Continuously for Read 

Data and Software 

Power Up/ Down 



1.125 

1.8 

fxs (max) 

icoNV 

CONV Valid Data Time 


8(tSK) 

8 (tsK) 

8 (tsK) 

(max) 





1.0 

1.6 

JULS (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = Va+ = Vo+ = +5.0 Vdc. Vref'^ = +4.096 Vdc. Vref~ = 0 Vdc. 12-bit + 
sign conversion mode, tr = tf = 3 ns, fcK = ^SK 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, 
fCK = ^SK = 5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rs = 25fl, source impedance for Vref"^ and 
Vref~ ^ 25fl, fully-differential input with fixed 2.048V common-mode voltage, and lO(tcK) acquisition time unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. (Note 17) 


Symbol 


Conditions 


Typical 
(Note 10) 


Limits 
(Note 11) 



Hardware Power-Up Time, Time from 
PD Falling Edge to EOC Rising Edge 


Software Power-Up Time, Time from 
Serial Data Clock Falling Edge to 
EOC Rising Edge 


Access Time Delay from 
CS Falling Edge to DO Data Valid 



Delay from CS Rising Edge to 
DO TRI-STATE® 


Dl Hold Time from Serial Data 
Clock Rising Edge 


Dl Set-Up Time from Serial Data 
Clock Rising Edge 

DO Hold Time from Serial Data 
Clock Falling Edge 


Delay from Serial Data Clock 
Falling Edge to DO Data Valid 

DO Rise Time, TRI-STATE to High 
DO Rise Time, Low to High 


DO Fall Time, TRI-STATE to Low 
DO Fall Time, High to Low 


Delay from CS Falling Edge 
to DOR Falling Edge 


Delay from Serial Data Clock Falling 
Edge to DOR Rising Edge 

Capacitance of Logic Inputs 
Capacitance of Logic Outputs 


Units 

(Limits) 

jjLS (max) 



ns (max) 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (Vin) at any pin exceeds the power supplies (V|n < GND or V|n > Va+ or Vd+), the current at that pin should be limited to 30 mA. 
The 1 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax, 0 ja and the ambient temperature, T^. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 150*0. The typical thermal resistance (0ja) of these parts when board mounted follow: 


Part Number 

Thermal 

Resistance 

^JA 

ADC12H030CIN, ADC12030CIN 

53“C/W 

ADC12H030CIWM, ADC12030CIWM 

TO^C/W 

ADC12H032CIN, ADC12032CIN 

46°C/W 

ADC12H032CIWM, ADC12032CIWM 

64'’C/W 

ADC12H034CIN, ADC12034CIN 

42‘’C/W 

ADC12H034CIWM, ADC12034CIWM 

57“C/W 

ADC12H038CIN, ADC12038CIN 

40“C/W 

ADC12H038CIWM, ADC12038CIWM 

50°C/W 


Note 5: The human body model is a 100 pF capacitor discharged through a 1.5 kH resistor into each pin. 

Note 6: See AN450 “Surface Mounting Methods and Their Effect ori Product Reliability” or the section titled “Surface Mount” found in any post 1986 National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above Va*^ or 5V below GND 
will not damage this device. However, errors in the A/D conversion can occur (if these diodes are forward biased by more than 50 mV) if the input voltage 
magnitude of selected or unselected analog input go above Va+ or below GND by more than 50 mV. As an example, if Va*^ is 4.5 Vdc> full-scale input voltage 
must be ^4.55 Vqc to ensure accurate conversions. 


ANALOG 

INPUTS 



TL/H/1 1354-2 


Note 8: To guarantee accuracy, it is required that the Va+ and Vo+ be connected together to the same power supply with separate bypass capacitors at each V+ 
pin. 

Note 9: With the test condition for Vref (Vref"^ - Vref~) given as +4.096V, the 12-bit LSB is 1.0 mV and the 8-bit LSB is 16.0 mV. 

Note 10: Typicals are at Tj = Ta = 25®C and represent most likely parametric norm. 

Note 1 1: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error, the straight line passes through negative full-scale and zero (see Figures 1b and 1c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the code transitions 
between 1 to 0 and 0 to + 1 (see Figure 2). 

Note 14: Total unadjusted error includes offset, full-scale, linearity and multiplexer errors. 

Note 15: The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels shorted together. 
Note 16: Channel leakage current is measured after the channel selection. 

Note 17: Timing specifications are tested at the TTL logic levels, V|l = 0.4V for a falling edge and V|h = 2.4V for a rising edge. TRI-STATE output voltage is forced 
to 1.4V. 


Note 18: The ADC12030 family’s self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will 
result in a maximum repeatability uncertainty of 0.2 LSB. 

Note 19: if SCLK and CCLK are driven from the same clock source, then tA is 6, 10, 18 or 34 clock periods minimum and maximum. 

Noto 20: Tha '‘12-Blt Convarslon of Offset" and "12*Blt Conversion of Full-Scale” modes are intended to test the functionality of the device. Therefore, the output 
data from these modes are not an Indication of the accuracy of a conversion result. 
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Electrical Characteristics (Continued) 




FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Calibratlon or Auto-Zero Cycles 





Electrical Characteristics (Continued) 



FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Calibration Cycle 


+ 2 ^ 






0 


OFFSET VOLTAGE 


ANALOG INPUT VOLTAGE 

FIGURE 2. Offset or Zero Error Voltage 


TL/H/11354-13 
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4.50 

4.75 5.00 5.25 5.50 

TEMPERATURE (oc) 

Vrep* reference voltage (V) 


SUPPLY VOLTAGE (V) 




TL/H/11354-14 
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Typical Dynamic Performance Characteristics (Continued) 

The following curves apply for 1 2-bit + sign mode after auto-calibration unless otherwise 


Bipolar Spurious Free 
Dynamic Range 


Unipolar Signal-to-Noise Ratio 
vs Input Frequency 


specified. 

Unipolar Signal-to-Noise 
+ Distortion Ratio 
vs Input Frequency 


„ 

,0 

„ h'~-,°vp|||||| I lillllll 

10° 10^ 102 

FREQUENCY (kHz) 

Unipolar Signal-to-Noise 
+ Distortion Ratio 
vs Input Signal Level 

80 1 

Rs = 600h 

70 T^ = 25®C 1- 

v/ = Vi,* = VREr* = 5y 

60 fg = 5MHz 1 1 

Sampling Rate = 73.5 kHz^^ 


70— -H-f-fj 

68 Rs“000fl__Ll 

= 25«>C I I 

66 v/ = VD* = VRrrt = 5V 

64 fg = 5 MHz — i-f III — 
Sampling Rate = 73.S kHz 


FREQUENCY (kHz) 

Unipolar Spectral Response 
with 1 kHz Sine Wave Input 

n |Rs='6oon r 

V,n=5v1 

T^ = 25®C 

Va*=Vd*=Vpep" = 5V 

fc = 5MHz 1— I— I 

Sampling Rate = 73.5 kHz 

, S/N = 72.02 dB I 

S/(N+0) = 70.8518] 


Samplino Rate = 73.5 kHz_ 


10“ 10’ 1(K 

FREQUENCY (kHz) 

Unipolar Spectral Response 
with 10 kHz Sine Wave Input 





-70 -60 -50 -40 -30 -20 -10 0 

INPUT SIGNAL LEVEL (dB) 


0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 


0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 


Unipolar Spectral Response 
with 20 kHz Sine Wave Input 


Rs='( 

V|N = 

>00ft 

5V 1 


•a--' 

V = 

J5®C 
yp] = '^RE 

+ - 1 

Sampling Rate= 
S/N = 72.06 dE 

73.5 k 

1 

s7(N+D) = 69.481b| 

L 

J. la 

□ 




0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 


Unipolar Spectral Response 
with 30 kHz Sine Wave Input 



linRiiiiiii 


0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 


Unipolar Spectral Response 
with 40 kHz Sine Wave Input 





0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 


Unipolar Spectral Response 
with 50 kHz Sine Wave Input 


Rs = 600ft 
. V|N = 5V| 

■20 Ta = 25®C 1~' 

V = V = Vref" = 5V 

-40 fc = 5MHz } 1— - 

Sampling Rate= 73.5 kHz 
-60 S/N = 68.87 dB | 

S/(N+D) = 65.8TS^ 


0 5 10 15 20 25 30 35 

FREQUENCY (kHz) 
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Test Circuits 


DO “TRI-STATE" 


TEST POINT 



TL/H/1 1354-3 


DO except “TRI-STATE” 

5.0V 



Leakage Current 

+5.0V 



TL/H/1 1354-5 


Timing Diagrams 


DO Falling and Rising Edge 



TL/H/1 1354-18 


DO “TRI-STATE” Falling and Rising Edge 


DO 1.2 V —TRI -STATE 



Dl Data Input Timing 


SCLK 1^ 

^DELAY-*^ h 

^sdi-H 

D, 1 

rL 

-^^SETUP 

1 

JITL 

c c 

FL 

1 K- 

^Dl 

3 J 


nDdDcuc 

- *CONV ,-7 - 


CONV XXX)| 

: " ) 

w. 


TL/H/1 1354-20 


2 -^ 
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Timing Diagrams (Continued) 


ADC12038 Hardware Power Up/Down 


CCLK 


SCLK 


-Powar Down 


- Power Up 
^PU” 


jmrnijijmruinnjmjwi^^ 


innjuumjijmfman^^ 

ML 


fUl 


TL/H/1 1354-32 

Note: Hardware power up/down may occur at any time. If PD is high while a conversion is in progress that conversion will be corrupted and erroneous data will be 
stored in the output shift register. 


ADC 12038 Configuration Modification— Example of a Status Read 


Cycle N 
. Program Read Status . 


DO Data from Cycle N-1 
d-bit plus Sign Conversion 


CCLK 
SCLK "TJ 
CS 


Cycle N+1 

■ Start a Conversion ■ 
DO Status Data 


ut.. 


rLTinjxnjiJTJxrmnnnjTJinAJT^^ 

jyii^LTLTUL. 


012345678 012345678 

urrmjTJTJTJTJ 


CONV 

Dl T^dio 

DO Hcxi: 


OCXDCXDCDO 

N-1 Data 


| fDB5fDBt)^DB2)(DB3X'DB4itDB5)(DB6)(DB7)( DBB 

Status Data I 






EOC 


TL/H/1 1354-33 


Note: In order for all 9 bits of Status Information to be accessible, the last conversion programmed before Cycle N needs to have a resolution of 8 bits plus sign, 1 2 
bits, 12 bits plus sign, or greater. 
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Pin Descriptions 

CCLK The clock applied to this input controls the su- 
cessive approximation conversion time Interval ,, 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 juls. 

SCLK This Is the serial data clock input. The clock 
applied to this Input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the Dl pin into 
the multiplexer address and mode select shift 
register. This address controls which channel of 
the analog input multiplexer (MUX) is selected 
and the mode of operation for the A/D. With CS 
low the falling edge of SCLK shifts the data re- 
sulting from the previous ADC conversion out 
on DO,_^th the exception of the first bit of data. 
When CS is low continously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When CS is toggled the 
falling edge of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The rise and fall times of the clock edges 
should not exceed 1 jus. 

Dl This is the serial data input pin. The data ap- 

, plied to this pin is shifted by the rising edge of 
SCLK Into the multiplexer address and mode 
select register. Tables II through V show the as- 
signment of the multiplexer address and the 
mode select data. 

DO The data output pin. This pin is an active push/ 

pull output when CS is low. When CS Is high, 
this output Is TRI-STATE. The A/D conversioh' 
result (D0-D12) and converter status data are 
clocked out by the falling edge of SCLK on this 
pin. The word length and format of this result 
can vary (see Table I). The word length and for- 
mat are controlled by the data shifted into the 
multiplexer address and mode select register 
(see Table V). 

EOC This pin is an active push/pull output and indi- 
cates the status of the ADC1 2030/2/4/8. 
When low, it signals that the A/D Is busy with a 
conversion, auto-calibration, auto-zero or power 
down cycle. The rising edge of EOC signals the 
end of one of these cycles. 

CS This is the chip select pin. When a logic low Is 

applied to this pin, the rising edge of SCLK 
shifts the data on Dl into the address register. 
Thi s low also brings DO out of TRI-STATE. With 
CS low the falling edge of SCLK shifts the data 
resulting from the previous ADC conversion out 
on DOj_wth the exception of the first bit of data. 
When CS is low continously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When CS is toggled the 
falling ec^ of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The falling edge of CS resets a conver- 
sion in progress and starts the sequence for a 
new conversion. When CS is brought back low 
during a conversion, that conversion is prema- 


turely terminated. The data In the output latches 
may be corrupted. Therefore, when CS Is 
brought back low during a conversion in prog- 
ress the data output at that time should be ig- 
nored. CS may also be left continuously low. In 
this case it is Imperative that the correct number 
of SCLK pulses be applied to the ADC In order 
to remain synchronous. After the ADC supply 
power is applied It expects to see 1 3 clock puls- 
es for each I/O sequence. The number of clock 
pulses the ADC expects is the same as the digi- 
tal output word length. This word length can be 
modified by the data shifted In on the DO pin. 
Table V details the data required. 

DOR This is the data output ready pin. This pin is an 
active push/pull output. It Is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 

CONV A logic low is required on this pin to program 
any mode or change the ADC’s configuration as 
listed In the Mode Programming Table (Table V) 
such as 12-bit conversion, 8-bit conversion, 
Auto Cal, Auto Zero etc. When this pin is high 
the ADC is placed in the read data only mode. 
While in the read data only mode, bringing CS 
low and pulsing SCLK will only clock out on DO 
any data stored in the ADCs output shift regis- 
ter. The data on Dl will be neglected. A new 
conversion will not be started and the ADC will 
remain in the mode and/or configuration previ- 
ously programmed. Read data only cannot be 
performed while a conversion, Auto-Cal or 
Auto-Zero are in progress. 

PD This is the power down pin. When PD is high 

the A/D is powered down; when PD is low the 
A/D is powered up. The A/D takes a maximum 
of 250 jas to power up after the command is 
given. 

CH0-CH7 These are the analog Inputs of the MUX. A 
channel Input is selected by the address infor- 
mation at the Dl pin, which is loaded on the 
rising edge of SCLK into the address register 
(see Tables II through IV). 

The voltage applied to these inputs should not 
exceed Va+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 

COM This pin is another analog Input pin. It is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 

MUXOUT1, These are the multiplexer output pins. 

MUXOUT2 

A/DIN1, These are the converter input pins. MUXOUT1 

A/DIN2 is usually tied to A/DIN1. MUXOUT2 is usually 
tied to A/DIN2. If external circuitry is placed be- 
tween MUXOUT1 and A/DIN1, or MUXOUT2 
and A/DIN2 it may be necessary to protect 
these pins. The voltage at these pins should not 
exceed Va+ or go below AGND (see Figure 3 ). 
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Pin Descriptions (Continued) 

Vref"^ This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range of Vref (Vref = Vref+ - Vref“) is 
1 Vdc to 5.0 Vdc and the voltage at Vref"^ 
cannot exceed Va+. See Figure 4 for recom- 
mended bypassing. 

Vref“ The negative voltage reference input. In order 
to maintain accuracy, the voltage at this pin 
must not go below GND or exceed Va+. (See 
Figure 4 ). 


Vd+ These are the analog and digital power supply 
pins. Va+ and Vd+ are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 4 ). The operating voltage range of 
Va+ and Vp+ |s 4.5 Vdc to 5.5 Vdc- 
DGND This is the digital ground pin (see Figure 4 ). 
AGND This is the analog ground pin (see Figure 4 ). 


From 

external >— WV VSA^ ► To ADC pin 

circuitry 250X1 250X1 

~aZ IN914 


TL/H/1 1354-34 

FIGURE 3. Protecting the MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 Analog Pins 



v+ 

Assigned 
(+) INPUT 


Assigned 

ADC 

(-) INPUT 



%F~ 

DGND 

AGND 


XXX 


[0. 01 ti ? |0. 1 JJ.F |10 fiF* 

XXX 


jo. oi m F jo. l /xF |10 

XXX 


Analog 
Input , 
Voltage ^ 
Ground 
Reference 


‘Tantalum 

‘Monolithic Ceramic or better 


FIGURE 4. Recommended Power Supply Bypassing and Grounding 
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Tables 


DO Formats 


TABLE I. Data Out Formats 



I Bits I 

X = High or Low state. 


MUX 

Address 


TABLE II. ADC12038 Multiplexer Addressing 


Analog Channel Addressed 
and Assignment 

with A/DIN1 tied to MUXOUT1 
and A/DIN2 tied to MUXOUT2 


A/D Input 
Polarity 
Assignment 








































Tables (Continued) 


TABLE III. ADC12034 Multiplexer Addressing 





Analog Channel Addressed 

A/D Input 
Polarity 
Assignment 

Multiplexer 



MUX 



and Assignment 


Output 


Address 

with A/DIN1 tied to MUXOUT1 

Channel 

Mode 




and A/DIN2 tied to MUXOUT2 

Assignment 


DIO 

DM 

DI2 

CHO 

CHI 

CH2 

CH3 

COM 

A/DIN1 

A/DIN2 

MUXOUT1 

MUXOUT2 


L 

L 

L 

+ 

- 




+ 

- 

CHO 

CH1 


L 

L 

H 

H 



+ 

- 


+ 

- 

CH2 

CH3 

Differential 

L 

L 

— 

+ 




— 

+ 

CHO 

CH1 

L 

H 

H 



- 



- 

+ 

CH2 

CH3 


H 

L 

L 

+ 




- 

+ 

- 

CHO 

COM 


H 

L 

H 



+ 


_ 

+ 

_ 

CH2 

COM 

Single-Ended 

H 

H 

L 


+ 



- 

+ 

- 

CH1 

COM 

H 

H 

H 





- 

+ 

- 

CH3 

COM 



TABLE IV. ADC12032 and ADC12030 Multiplexer Addressing 




Analog Channel Addressed 

A/D Input 
Polarity 
Assignment 

Multiplexer 


MUX 

and Assignment 

Output 


Address 

with A/DIN1 tied to MUXOUT1 

Channel 

Mode 



and A/DIN2 tied to MUXOUT2 

Assignment 


DIO 

DM 

CHO 

CH1 

COM 

A/DIN1 

A/DIN2 

MUXOUT1 

MUXOUT2 


L 

L 

H 

+ 

- 


+ 

- 

CHO 

CH1 

Differential 

L 

— 

+ 


— 

+ 

CHO 

CH1 

H 

L 

+ 


_ 

+ 



CHO 

COM 

Single-Ended 

H 

H 


+ 

- 

+ 

- 

CH1 

COM 


Note: ADC12030 and ADC12H030 do not have A/DIN1. A/DIN2, MUXOUT1 and MUXOUT2 pins. 
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Tables (Continued) 


TABLE V. Mode Programming 


ADC12038 


DM 

Di2 

DI3 

DI4 

DI5 

DI6 

DI7 

Mode Selected 
(Current) 

DO Format 
(next Conversion 
Cycle) 

ADC12034 





Di3 

DI4 

DI5 

DI6 

ADC12030 

and 

ADC12032 



■ 

■ 




DI5 


See Tables ii. Ill or IV 

L 

L 

L 

L 

1 2 Bit Conversion 

12 or 13 Bit MSB First 

See Tables II, III or IV 

L 

L 

L 

H 

12 Byconversion 

16 or 17 Bit MSB First 

See Tables II, III or IV 

L 

L 


L 

8 Bit Conversion 


L 

L 

L 

L 

L 

L 

H 

H 

1 2 Bit Conversion of Full-Scale 

12 or 13 Bit MSB First 


L 

B 

L 

L 

1 2 Bit Conversion 

12 or 13 Bit LSB First 


L 

B 

L 

H 

12 Bit Conversion 

16 or 17 Bit LSB First 

See Tables II, III or IV 

L 

B 

H 

L 

8 Bit Conversion 

8 or 9 Bit LSB First 

L 

L 

L 

L 

L 



H 

1 2 Bit Conversion of Offset 

12 or 13 Bit LSB First 

L 

L 

L 

L 


L 

L 

L 

Auto Cal 

No Change 

L 

L 

L 

L 

H 

L 

L 

H 

Auto Zero 

No Change 

L 

L 

L 

L 

H 

L 

H 

L 

Power Up 

No Change 

L 

L 

L 

L 

H 

L 


H 

Power Down 

No Change 

L 

L 

L 

L 



L 

L 

Read Status Register 

No Change 

L 

L 

L 

L 



L 

B 

Data Out without Sign 

No Change 


L 

L 

L 

H 


L 

B 

Data Out with Sign 

No Change 

L 

L 

L 

L 

H 


H 

L 

Acquisition Time — 6 CCLK Cycles 

No Change 

L 

H 

L 

L 

D 



B 

Acquisition Time — 1 0 CCLK Cycles 

No Change 

H 

L 

B 

L 

B 



B 

Acquisition Time — 1 8 CCLK Cycles 

No Change 


H 

L 

L 

H 



B 

Acquisition Time — 34 CCLK Cycles 

No Change 

L 

L 

L 

n 




H 

User Mode 

No Change 

H 

X 


B 




H 

Test Mode 

(CHI -CH7 become Active Outputs) 

No Change 


Note: The A/D powers up with no Auto Cal, no Auto Zero, 10 CCLK acquisition time, 12-bit + sign conversion, power up, 12- or 13-bit MSB first, and user mode. 
X - Don’t Care 


TABLE VI. Conversion/Read Data Only Mode Programming 


CS 

CONV 

PD 

Mode 

L 

L 

L 

See Table V for Mode 

L 

H 

L 

Read Only (Previous DO Format). No Conversion. 

H 

X 

L 

Idle 

X 

X 

H 

Power Down 


X = Don’t Care 
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Tables (Continued) 


TABLE VII. Status Register 


Status Bit 

Location 

DBO 

DB1 

DB2 

DBS 

DB4 

DBS 

DB6 

DB7 

DBS 

Status Bit 

PU 

PD 

Cal 

8 or 9 

12 or 13 

16 or 17 

Sign 

Justification 

Test Mode 


Device Status 

DO Output Format Status 

Function 

“High” 
indicates a 
Power Up 
Sequence is 
in progress 

“High” 
indicates a 
Power Down 
Sequence is 
in progress 

“High” 
indicates an 
Auto-Cal 
Sequence is 
in progress 

“High” 

indicates an 8 
or 9 bit format 

“High” 

indicates a 1 2 
or 13 bit 
format 

“High” 

indicates a 16 
or 17 bit 
format 

“High” 
indicates that 
the sign bit is 
included. 
When “Low” 
the sign bit is 
not included. 

When “High” 
the 

conversion 
result will be 
output MSB 
first. When 
“Low” the 
result will be 
output LSB; 
first. 

When “High” 
the device is 
in test mode. 
When “Low” 
the device is 
in user mode. 


Application Hints 

1.0 DIGITAL INTERFACE 

1.1 Interface Concepts 

The example in Figure 5 shows a typical sequence of 
events after the power is applied to the ADC1 2030/2/4/8: 


I 1— Status^— ^Read Status|— » 

12-Bit+Sign 
Conv 1 

H 

12-Bii+Sfgn 
Conv 2 






1 Trash 1 ^ Trash | ^ 

>|Status Data|< 

H 

Conv 1 

Data 


TL/H/1 1364-36 

FIGURE 5. Typical Power Supply Power Up Sequence 


The first instruction input to the A/D via Dl initiates Auto Cal. 
The data output on DO at that time is meaningless and is 
completely random. To determine whether the Auto Cal has 
been completed, a read status instruction |s issued to the 
A/D. Again the data output at that time has no significance 
since the Auto Cal procedure modifies the data in the output 
shift register. To retrieve the status information, an addition- 
al read status instruction is issued to the A/D. At this time 
the status data is available on DO. If the Cal signal in the 
status word, is low Auto Cal has been completed. There- 
fore, the next instruction issued can start a conversion. The 
data output at this time is again status information. To keep 
noise from corrupting the A/D conversion, status can not be 
read during a conversion. If CS Is strobed and is brought low 
during a conversion, that conversion is prematurely ended. 
EOC can be used to determine the end of a conversion or 
the A/D controller can keep track in software of when it 
would be appropriate to comnmunicate to the A/D again. 
Once it has been determined that the A/D has completed a 
conversion, another instruction can be transmitted to the 
A/D. The data from this conversion can be accessed when 
the next instruction is issued to the A/D. 

Note, when CS is low continuously it is important to transmit 
the exact number of SCLK cycles, as shown in the timing 
diagrams. Not doing so will desynchronize the serial com- 
munication to the A/D. (See Section 1 .3.) 


1.2 Changing Configuration 

The configuration of the ADC1 2030/2/4/8 on power up de- 
faults to 12-bit plus sign resolution, 12- or 13-bit MSB First, 
10 CCLK acquisition time, user mode, no Auto Cal, no Auto 
Zero, and power up mode. Changing the aquisition time and 
turning the sign bit on and off requires an 8-bit Instruction to 
be issued to the ADC. This instruction will not start a conver- 
sion. The instructions that select a multiplexer address and 
format the output data do start a conversion. Figure 6 de- 
scribes an example of changing the configuration of the 
ADC1 2030/2/4/8. 

During I/O sequence 1, the instruction on Dl configures the 
ADC1 2030/2/4/8 to do a conversion with 12-bit +sign res- 
olution. Notice that when the 6 CCLK Acquisition and Data 
Out without Sign instructions are issued to the ADC, I/O 
sequences 2 and 3, a new conversion is not started. The 
data output during these instructions is from conversion N 
which was started during I/O sequence 1. The Configura- 
tion Modification timing diagram describes in detall the se- 
quence of events necessary for a Data Out without Sign, 
Data Out with Sign, or 6/10/18/34 CCLK Acquisition time 
mode selection. Table V describes the actual data neces- 
sary to be Input to the ADC to accomplish this configuration 
modification. The next instruction, shown in Figure 6, issued 
to the A/D starts conversion N + 1 with 8 bits of resolution 
formatted MSB first. Again the data output during this I/O 
cycle Is the data from conversion N. 

The number of SCLKs applied to the A/D during any con- 
version I/O sequence should vary In accord with the data 
out word format chosen during the previous conversion I/O 
sequence. The various formats and resolutions available 
are shown in Table I. In Figure 6, since 8-bit without sign 
MSB first format was chosen during I/O sequence 4, the 
number of SCLKs required during I/O sequence 5 Is 8. In 
the following I/O sequence the format changes to 12-bit 
without sign MSB first; therefore the number of SCLKs re- 
quired during I/O sequence 6 changes accordingly to 12. 

1.3 ^ Low Continuously Considerations 

When CS is continuously low, It is important to transmit the 
exact number of SCLK pulses that the ADC expects. Not 
doing so will desynchronize the serial communications to 
the ADC. When the supply power is first applied to the ADC, 
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Application Hints (Continued) 

it will expect to see 13 SCLK pulses for each I/O transmis- 
sion. The number of SCLK pulses that the ADC expects to 
see is the same as the digital output word length. The digital 
output word length is controlled by the Data Out (DO) for- 
mat. The DO format maybe changed any time a conversion 
is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats; 


DO Format 

Number of 

SCLKs 

Expected 

8-Bit MSB or LSB First 

SIGN OFF 

8 

SIGN ON 

9 

12-Bit MSB or LSB First 

SIGN OFF 

12 

SIGN ON 

13 

16-Bit MSB or LSB first 

SIGN OFF 

16 

SIGN ON 

17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to Recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leaving CS low continuously. 
The number of clock pulses required for an I/O exchange 
may be different for the case when DS is left low continu- 
ously vs the case when is cycled. Take the I/O se- 
quence detailed in Figure 5 (Typical Power Supply Se- 
quence) as an example. The table below lists the nurnber of 
SCLK pulses required for each instruction: 


instruction 

CSLow 

Continuously 

CS strobed 

Auto Cal 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

. 8 SCLKs 

12-Bit + Sign Conv 1 

13 SCLKs 

8 SCLKs 

12-Bit + Sign Conv 2 

13 SCLKs 

13 SCLKs 


In Figure 6 the only times when the channel configuration 
could be modified would be during I/O sequences 1, 4, 5 
and 6. Input channels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on Dl, during I/O sequence number 4 in Figure 6, 
to set CHI as the positive input and CHO as the negative 
input for the different versions of ADCs: 


Part Number 

Dl Data 

DIO 

Dll 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 

ADC12H030 

ADC12030 

L 

H 

L 

L 

H 

L 

X 

X 

ADC12H032 

ADC12032 

L 

H 

L 

L 

H 

L 

X 

X 

ADC12H034 

ADC12034 

L 

H 

L 

L 

L 

H 

L 

X 

ADC12H038 

ADC12038 

L 

H 

L 

L 

L 

L 

H 

L 


Where X can be a logic high (H) or low (L). 


1.5 Power Up/Down 

The ADC may be powered down at any time by taking the 
PD pin HIGH or by the instruction input on Dl (see Tables V 
and VI, and the Power Up/Down timing diagrams). When 
the ADC is powered down in this way, the circuitry neces- 
sary for an A/D conversion is deactivated. The circuitry nec- 
essary for digital I/O is kept ^ctivb. Hardware power up/ 
down Is controlled by the state of the PD pin. Software pow- 
er-up/down is controlled by the instruction issued to the 
ADC. If a software power up instruction is issued to the ADC 
while a hardware power down is in effect (PD pin high) the 
device will remain In the power-down state. If a software 
power down instruction Is issued to the ADC while a hard- 
ware power up is in effect (PD pin low), the device will power 
down. When the deyice is powered down by software, it 
may be powered up by either issuing a software power up 
Instruction or by taking PD pin high and then low. If the 
power down command is issued during an A/D conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied upon. 


1.4 Analog Input Channel Selection 

The data input on Dl also selects the channel configuration 
for a particular A/D conversion (see Tables II, III, IV and V). 

I/O Sequence | 1 I 2 I 3 I4 I sis 



FIGURE 6. Changing the ADC’s Conversion Configuration 
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Application Hints (Continued) 

1.6 User Mode and Test Mode 

An instruction may be issued to the ADC to put it into test 
mode. Test mode is used by the manufacturer to verify com- 
plete functionality of the device. During test mode CHO- 
CH7 become active outputs. If the device is inadvertently 
put into the test mode with ^ continuously low, the serial 
communications may be desynchronized. Synchronization 
may be regained by cycling the power supply voltage to the 
device. Cycling the power supply voltage will also set the 
device into user mode. If CS Is used in the serial interface, 
the ADC may be queried to see what mode it is in. This is 
done by Issuing a “read STATUS register” instruction to the 
ADC. When bit 9 of the status register is high, the ADC is in 
test mode; when bit 9 is low the ADC, Is in user mode. As an 
alternative to cycling the power supply, an instruction se- 
quence may be used to return the device to user mode. This 
Instruction sequence must be issued to the ADC using CS. 
The following table lists the instructions required to return 
the device to user mode; 


Instruction 

Dl Data 

DIO 

Dll 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 


TEST MODE 

H 

X 

X 

X 

H 

H 

H 

H 

Reset 

L 

L 

L 

L 

H 

H 

H 

L 

Test Mode 

L 

L 

L 

L 

H 

L 

H 

L 

Instructions 

L 

L 

L 

L 

H 

L 

H 

H 

USER MODE 

L 

L 

L 

L 

H 

H 

H 

H 

Power Up 

L 

L 

L 

L 

H 

L 

H 

L 

Set DO with 

H 








or without 

or 

L 

L 

L 

H 

H 

L 

H 

Sign 

L 








Set 

H 

H 







Acquisition 

or 

or 

L 

L 

H 

H 

H 

L 

Time 

L 

L 







Start 

H 

H 

H 

H 


H 

H 

H 

a 

or 

or 

or 

or 

L 

or 

or 

or 

Conversion 

L 

L 

L 

L 


L 

L 

L 


X = Don’t Care 


After returning to user mode with the user mode instruction 
the power up, data with or without sign, and acquisition time 
instructions need to be resent to ensure that the ADC is in 
the required state before a conversion is started. 

1.7 Reading the Data Without Starting a Conversion 

The data from a particular conversion may be accessed 
without starting a new conversion by ensuring that the 
CONV line is taken high during the I/O sequence. See the 
Read Data timing diagrams. Table VI describes the opera- 
tion of the CONV pin. 


2.0 DESCRIPTION OF THE ANALOG MULTIPLEXER 

For the ADC12038, the analog input multiplexer can be con- 
figured with 4 differential channels or 8 single ended chan- 
nels with the COM input as the zero reference or any combi- 
nation thereof (see Figure 7). The difference between the 
voltages on the Vref*^ and Vref“ pins determines the 
input voltage span (Vref)- The analog input voltage range Is 
0 to Va+ . Negative digital output codes result when V|n“ > 
V|N+ . The actual voltage at Vin" or V|n+ cannot go below 
AGND. 

8 Single-Ended Channels 
4 Differential with COM 

Channels as Zero Reference 


+(-)- 

-(+)- 

+(-)- 

-(+)- 

+(-)■ 

-(+)- 

+(-)- 

-(+)■ 


CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CH6 

CH7 

TL/H/1 1354-38 

FIGURE 7 



CHO 









CHS 

PUR 



ru7 


un / 

COM 




TL/H/1 1354-39 


CHO, CH2, CH4, and CH6 can be assigned to the MUX- 
OUT1 pin in the differential configuration, while CHI, CH3, 
CHS, and CH7 can be assigned to the MUXOUT2 pin. In the 
differential configuration, the analog inputs are paired as fol- 
lows; CHO with CHI , CH2 with CH3, CH4 with CHS and CH6 
with CH7. The A/DIN1 and A/D1N2 pins can be assigned 
positive or negative polarity. 
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Application Hints (Continued) 

For pseudo-differential signed operation, the biasing circuit 
shown in Figure 10 shows a signal AC coupled to the ADC. 
This gives a digital output range of —4096 to +4095. With a 
2.5V reference, as shown, 1 LSB is equal to 610 jaV. Al- 
though, the ADC is not production tested with a 2.5V refer- 
ence, linearity error typically will not change more than 0.1 
LSB (see the curves In the Typical Electrical Characteristics 
Section). With the ADC set to an acquisition time of 10 clock 


periods, the input biasing resistor needs to be 600n or less. 
Notice though that the input coupling capacitor needs to be 
made fairly large to bring down the high pass corner. In- 
creasing the acquisition time to 34 clock periods (with a 
5 MHz CCLK frequency) would allow the 600n to increase 
to 6k, which with a 1 jllF coupling capacitor would set the 
high pass corner at 26 Hz. Increasing R, to 6k would allow 
R 2 to be 2k. 



TL/H/1 1354-47 

FIGURE 10. Pseudo-Differential Biasing with the Signal Source AC Coupled Directly into the ADC 


An alternative method for biasing pseudo-differential opera- 
tion is to use the + 2.5V from the LM9140 to bias any ampli- 
fier circuits driving the ADC as shown in Figure 11. The 
value of the resistor pull-up biasing the LM91 40-2.5 will de- 
pend upon the current required by the op amp biasing cir- 
cuitry. 

In the circuit of Figure 11 some voltage range is lost since 
the amplifier will not be able to swing to +5V and GND 


with a single + 5V supply. Using an adjustable version of the 
LM4041 to set the full scale voltage at exactly 2.048V and a 
lower grade LM4040D-2.5 to bias up everything to 2.5V as 
shown in Figure 12m\\ allow the use of all the ADC’s digital 
output range of -4096 to +4095 while leaving plenty of 
head room for the amplifier. 

Fully differential operation is shown in Figure 13. One LSB 
for this case is equal to (4.1 V/4096) = 1 mV. 





CHO 1 

CHI 

CH2 


to 1 

CHS 

Vd^ 

ADC1203Y 

COM 

Vref* 


''ref" 

DGND 

AGND 


|o .01 /iF|o .1 


10 ti? 


T ^ ^ 

~^0.01 /tF|o.1 MFflo’AtF 

XXX 



"^0.01 ;tF|o.1 MFfTi 

XXX 


O/iF 


LM9140-2.5 


TL/H/1 1354-48 


FIGURE 11. Alternative Pseudo-Differential Biasing 


2-471 


ADC12H030/ADC12H032/ADC12H034/ADC12H038,ADC12030/ADC12032/ADC12034/ADC12038 




ADC12H030/ADC12H032/ADC12H034/ADC12H038,ADC12030/ADC12032/ADC12034/ADC12038 


Application Hints (Continued) 


HhH> 


ANALOG 

INPUT 

VOLTAGE 

RANGE 

2.5V±2.048V 
12-BITS SIGNED 


ASSIGNED 
(+) INPUT 


_k > ASSIGNED 
? (-) INPUT 


LM4040D-2.5- 



Va* 

CHO 


CHI 


CH2 


to 

CHS 


ADC1203Y 

COM 





DGND 

AGND 


1 0.01 [0.1 \ 

|o.01 mfIo.I A^fIioTf 

z z z 

|o 01 mfJiOmF 

z z z 

— — ^ 

~| LM4041-ADJ 


ANALOG 
INPUT 
VOLTAGE ; 
GROUND 
REFERENCE 


FIGURE 12. Pseudo-Differential Biasing without the Loss of Digital Output Range 


ANALOG /\ 

INPUT 
VOLTAGE > 

RANGE assigned 

0.45V TO 4.55V W 'NPUT 

FULLY DIFFERENTIAL 
12 -BIT PLUS SIGN 

ANALOG 
INPUT ^ 

VOLTAGE >■ - — 

RANGE assigned 

0.45V TO 4.55V (") '^PUT 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND 
REFERENCE 


CHO 

CH2 

CH4 

Va+ 

or 

CH6 

Vd+ 

ADC1203Y 

CHI 

CH3 

CH5 

%F'*' 

or 

CH7 


DGND 

AGND 


I 0.01 I 0.1 nF I 10 /iF 

^ ^ ^ 

Jo.oi ;iF|o.1 

XXX 


[0.01 AtF [0.1 /iF I lO/iF 

XXX 


LM4040-4.1 


FIGURE 13. Fully Differential Biasing 
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3.0 REFERENCE VOLTAGE 

The difference in the voltages applied to the and 

Vref“ defines the analog input span (the difference be- 
tween the voltage applied between two multiplexer inputs or 
the voltage applied to one of the multiplexer inputs and ana- 
log ground), over which 4095 positive and 4096 negative 
codes exist. The voltage sources driving Vref"^ or Vref“ 
must have very low output impedance and noise. The circuit 
in Figure 14 is an example of a very stable reference appro- 
priate for use with the device. 



FIGURE 14. Low Drift Extremely 
Stable Reference Circuit 

The ADC 1 2030/2/4/8 can be used in either ratiometric or 
absolute reference applications. In ratiometric systems, the 
analog input voltage is proportional to the voltage used for 
the ADC’s reference voltage. When this voltage is the sys- 
tem power supply, the Vref"^ pin is connected to Va+ and 
Vref” is connected to ground. This technique relaxes the 
system reference stability requirements because the analog 
input voltage and the ADC reference voltage move togeth- 
er. This maintains the same output code for given input con- 
ditions. For absolute accuracy, where the analog input volt- 
age varies between very specific voltage limits, a time and 
temperature stable voltage source can be connected to the 
reference inputs. Typically, the reference voltage’s magni- 
tude will require an initial adjustment to null reference volt- 
age induced full-scale errors. 

Below are recommended references along with some key 
specifications. 


Part Number 

Output 

Voltage 

Tolerance 

Temperature 

Coefficient 

LM4041CI-Adj 

±0.5% 

±100ppm/“C 

LM4040AI-4.1 

±0.1% 

±100ppm/‘’C 

LM9140BYZ-4.1 

±0.5% 

±25ppm/*C 

LM368Y-5.0 

±0.1% 

±20ppm/®C 

Circuit of Figure 14 

Adjustable 

±2ppm/®C 


The reference voltage inputs are not fully differential. The 
ADC1 2030/2/4/8 will not generate correct conversions or 
comparisons if Vref"*" is taken below Vref~- Correct con- 
versions result when Vref"*" and Vref” differ by 1V and 
remain, at all times, between ground and Va+. The Vref 
common mode range, (Vref"*" + Vref~)/2 is restricted to 
(0.1 X Va+) to (0.6 X Va+). Therefore, with Va+ = 5V 
the center of the reference ladder should not go below 0.5V 
or above 3.0V. Figure 15 is a graphic representation of the 
voltage restrictions on Vref"^ and Vref”- 



TL/H/1 1354-45 

FIGURE 15. Vref Operating Range 


4.0 ANALOG INPUT VOLTAGE RANGE 

The ADC12030/2/4/8’s fully differential ADC generate a 
two;s complement output that is found by using the equa- 
tions shown below: 

for (12-bit) resolution the Output Code = 

(V|N+ - V|N-) (4096) 

(Vref'’’ - Vref“) 

for (8-bit) resolution the Output Code = 

(VlN+ - V|n-)(256) 

(Vref'^ - Vref”) 

Round off to the nearest integer value between -4096 to 
4095 for 12-bit resolution and between -256 to 255 for 
8-bit resolution if the result of the above equation is not a 
whole number. 

Examples are shown in the table below: 


Vref+ 

Vref 

V|N + 

ViN” 

Digital 

Output 

Code 

+ 2.5V 

+ 1V 

+ 1.5V 

OV 

0,1111,1111,1111 

+ 4.096V 

ov 

+ 3V 

ov 

0,1011,1011,1000 

+ 4.096V 

ov 

+ 2.499V 

+ 2.500V 

1,1111,1111,1111 

+ 4.096V 

ov 

OV 

+ 4.096V 

1,0000,0000,0000 


5.0 INPUT CURRENT 

At the start of the acquisition window (tA) a charging current 
flows into or out of the analog input pins (A/DIN1 and 
A/DIN2) depending on the input voltage polarity. The ana- 
log input pins are CH0-CH7 and COM when A/DIN1 is tied 
to MUXOUT1 and A/DIN2 is tied to MUXOUT2. The peak 
value of this input current will depend on the actual input 
voltage applied, the source impedance and the internal mul- 
tiplexer switch on resistance. With MUXOUT1 tied to 
A/DIN1 and MUXOUT2 tied to A/DIN2 the internal multi- 
plexer switch on resistance is typically 1.6 kfl. The A/DIN1 
and A/DIN2 mux on resistance is typically 750n. 
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Application Hints (Continued) 

6.0 INPUT SOURCE RESIST/UUCE 

For low impedance voltage sources (<600n), the input 
charging current will decay, before the end of the S/H’s 
acquisition time of 2 juts (10 CCLK periods with fc = 5 MHz), 
to a value that will not introduce any conversion errors. For 
high source impedances, the S/H’s acquisition time can be 
increased to 18 or 34 CCLK periods. For less ADC resolu- 
tion and/or slower CCLK frequencies the;S/H’s acquisition 
time may be decreased to 6 CCLK periods. To determine 
the number of clock periods (Nq) required for the acquisition 
time with a specific source Impedance for the various reso- 
lutions the following equations can be used: 

12 Bit 4- Sign Nc = [% + 2.3] X fc X 0:624 
8 Bit + Sign % = [/?s + 2.3] x7c X a57 
Where fc is the conversion clock (CCLK) frequency In MHz 
and Rs is the external source resistance in kH. As an exam- 
ple, operating with a resolution of 12 Bits -H sign, a 5 MHz 
clock frequency and maximum acquistion time of 34 conver- 
sion clock periods the ADC’s analog inputs can handle a 
source impedance as high as 6 kn. The acquisition time 
may also be extended to compensate for the settling or 
response time of external circuitry connected between the 
MUXOUT and A/DIN pins. 

The acquisition time tA is started by a falling edge of SCLK 
and ended by a rising edge of CCLK (see timing diagrams). 
If SCLK and CCLK are asynchronous one extra CCLK clock 
period may be inserted into the programmed acquisition 
time for synchronization. Therefore with asnychronous 
SCLK and CCLKs the acquisition time will change from con- 
version to conversion. 

7.0 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 jutF-O.I p,F) can be connected be- 
tween the analog Input pins, CH0-CH7, and analog ground 
to filter any noise caused by inductive pickup associated 
with long input leads. These capacitors will not degrade the 
conversion accuracy. 


8.0 NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

9.0 POWER SUPPLIES 

Noise spikes on the Va"^ and Vd+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC Is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. The 
minimum power supply bypassing capacitors recommended 
are low inductance tantalum capacitors of 10 |u,F or greater 
paralleled with 0.1 jmF monolithic ceramic capacitors. More 
or different bypassing may be necessary depending on the 
overall system requirements. Separate bypass capacitors 
should be used for the Va'*' and Vd+ supplies and placed 
as close as possible to these pins. 

10.0 GROUNDING 

The ADC12030/2/4/8’s performance can be maximized 
through proper grounding techniques. These include the 
use of separate analog and digital ground planes. The digi- 
tal ground plane is placed under all components that handle 
digital signals, while the analog ground plane is placed un- 
der all components that handle analog signals. The digital 
and analog ground planes are connected together at only 
one point, either the power supply ground or at the pins of 
the ADC. This greatly reduces the occurence of ground 
loops and noise. 

Shown In Figure 16 is the Ideal ground plane layout for the 
ADC12038 along with ideal placement of the bypass capaci- 
tors. The circuit board layout shown in Figure 16 uses three 
bypass capacitors: 0.01 )xF (C1) and 0.1 julF (C2) surface 
mount capacitors and 10 j^F (C3) tantalum capacitor. 
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Application Hints (Continued) 

1 1.0 CLOCK SIGNAL LINE ISOLATION 

The ADC12030/2/4/8’s performance is optimized by rout- 
ing the analog input/output and reference signal conductors 
as far as possible from the conductors that carry the clock 
signals to the CCLK and SCLK pins. Ground traces parallel 
to the clock signal traces can be used on printed circuit 
boards to reduce clock signal interference on the analog 
input/output pins. 

12.0 THE CALIBRATION CYCLE 

A calibration cycle needs to be started after the power sup- 
plies, reference, and clock have been given enough time to 
stabilize after initial turn-on. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full-scale, 
offset, and linearity errors down to the specified limits. Full- 
scale error typically changes ±0.4 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up If the Power Supply Voltage and the ambient 
temperature do not change significantly (see the curves in 
the Typical Performance Characteristics). 

13.0 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
or the power supply voltage change significantly. (See the 
curves titled “Zero Error Change vs Ambient Temperature” 
and “Zero Error Change vs Supply Voltage” in the Typical 
Performance Characteristics.) 

14.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise (S/N), slgnal-to- 


noise + distortion ratio (S/(N + D)), effective bits, full pow- 
er bandwidth, aperture time and aperture jitter are quantita- 
tive measures of the A/D converter’s capability. 

An A/D converter's AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. 
S/(N + D) and S/N are calculated from the resulting FFT 
data, and a spectral plot may also be obtained. Typical val- 
ues for S/N are shown In the table of Electrical Characteris- 
tics, and spectral plots of S/(N + D) are included in the 
typical performance curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) or S/N drops 
3 dB). 

Effective number of bits can also be useful In describing the 
A/D's noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equation: 

S/N = (6.02 X n + 1.8)dB 
where n is the A/D’s resolution in bits. 

The effective bits of a real A/D converter, therefore, can be 
found by: 

■ „ . . S/N(dB) - 1.8 

n(effective) = — 

6.02 

As an example, this device with a differential signed 5V, 
10 kHz sine wave input signal will typically have a S/N of 
78 dB, which is equivalent to 12.6 effective bits. 

15.0 AN RS232 SERIAL INTERFACE 

Shown on the following page Is a schematic for an RS232 
Interface to any IBM and compatible PCs. The DTR, RTS, 
and CTS RS232 signal lines are buffered via level transla- 
tors and connected to the ADC12038’s DI,_^LK, and DO 
pins, respectively. The D flip flop drives the CS control line. 
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Application Hints (Continued) 


- +5V , 



MM7474 

; TL/H/1 1354-44 

Note: Va+, Vq''’, and Vref"^ on the ADC12038 each have 0.01 fxF and 0.1 p-F chip caps, and 10 juF tantalum caps. All logic devices are bypassed with 0,1 /xF 
caps. . ' 


The assignment of the RS232 port is shown below 



la 

m 

El 


El 

m 

B1 

BO 

COM1 

Input Address 

3FE 

X 

X 

X 

CTS 

X 

X 


X 



a 

a 

D 

0 

B 

B 

RTS 

DTR 


A sample program, written in Microsoft QuickBasic, Js 
shown on the next page. The program prompts for data 
mode select instruction to be sent to the A/D. This can be 
found from the Mode Programming tabje shown earlier. The 
data should be entered In “1”s and “0"s as shown in the 
table with DIO first. Next the program prompts for the num- 
ber of SCLKs required for the programmed mode select in- 
struction. For instance, to send all “0”s to the A/D, selects 
CHO as the -h Input, CH1 as the -Input, 12-blt conversion, 
and 1 3-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
13 SCLK periods since the output data format Is 13 bits. The 


part powers up with No Auto Cal, No Auto Zero, 10 CCLK 
Acquisition Time, 1 2-bit conversion, data out with sign, pow- 
er up, 12- or 13-bit MSB first, and user mode. Auto Cal, Auto 
Zero, Power Up and Power Down instructions do not 
change these default settings. The following power up se- 
quence should be followed: 
i: Run the program 

2. Prior to responding to the prompt apply the power to the 
ADC12038 

3. Respond to the program prompts 

It is recommended that the first instruction issued to the 
ADC12038 be Auto Cal (see Section 1.1). 
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Application Hints (continued) 


’variables D0L=Data Out word length, DI=Data string for A/D DI input, 

* D0=A/D result string 

’SET CS# HIGH 

OUT &H3FC, (JcH2 OR INF {&H3FC) ) 

’set RTS HIGH 

OUT &H3FC, (&HFE AND INP(&H3FC)) 

•set DTR LOW 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

•set RTS LOW 

OUT &H3FC, {&HEF AND INP(&H3FC)) 

10 

’set B4 low 

LINE INPUT "DI data for ADC12038 (see 

Mode Table on data sheet)"; DI$ 

INPUT "ADC12038 output word length (8, 
20 

’SET CS# HIGH 

9,12,13,16 or 17) " ; DOL 

OUT &H3FC, (&H2 OR INP (&H3FC)) 

•set RTS HIGH 

OUT &H3FC, (&HFE AND INP(&H3FC)) 

•set DTR LOW 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

’SET CS# LOW 

•set RTS LOW 

OUT &H3FC, (&H2 OR INP (&H3FC) ) 

•set RTS HIGH 

OUT &H3FC, (&H1 OR INP(&H3FC)) 

’set DTR HIGH 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

’set RTS LOW 

D0$=" " 

’reset DO variable 

OUT &H3FC, {&H1 OR INP(&H3FC)) 

’SET DTR HIGH 

OUT &H3FC, {&HFD AND INP(&H3FC)) 

FOR N=1 TO 8 

Temp$=MID$(DI$,N,l) 

IF Temp1^="0"THEN 

OUT &H3FC,(&H1 OR INP(&H3FC)) 

’SCLK low 

ELSE OUT &H3FC, (&HFE AND INP(&H3FC) 

) 

END IF 

’out DI 

OUT &H3FC.(&H2 OR INP(&H3FC) ) 

IF {INP(&H3FE) AND 16) =16 THEN 
D0$=D0$+"0" 

ELSE 

D0$=D0$+"1" 

’SCLK high 

END IF 

’input DO 

OUT &H3FC, (&H1 OR INP(&H3FC)) 

’SET DTR HIGH 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

NEXT N 

IF D0L>8 THEN 

FOR N=9 TO DOL 

’SCLK low 

OUT &H3FC,(&H1 OR INP(&H3FC) ) 

’SET DTR HIGH 

OUT &H3FC,(&HFD AND INP(a:H3FC)) 

’SCLK low 

OUT &H3FC,(&H2 OR INP(&H3FC)) 

IF {INP(&H3FE) AND &H10)=&H10 THEN 
D0$=D0$+"0" 

ELSE 

D0$=D0$+"1" 

END IF 

NEXT N 

END IF 

•SCLK high 

OUT &H3FC,(&HFA AND INP(&H3FC)) 

FOR N=1 TO 500 

NEXT N 

•SCLK low and DI high 

PRINT D0« 


INPUT "Enter "C" to convert else "RETURN" to alter DI data" ; s$ 

IF s$="C" OR s$="c" THEN 

GOTO 20 

ELSE 

GOTO 10 

END IF 

END 
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National Semiconductor 


ADC1 2L030/ ADC1 2L032/ ADC 1 2L034/ ADC 1 2L038 
3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O 
A/D Converters with MUX and Sample/Hold 


General Description 

The ADC12L030 family is 12-bit plus sign successive ap- 
proximation A/D converters with serial I/O and configurable 
input multiplexers. These devices are fully tested with a sin- 
gle 3.3V power supply. The ADC12L032, ADC12L034 and 
ADC1 2L038 have 2, 4 and 8 channel multiplexers, respec- 
tively. Differential multiplexer outputs and A/D inputs are 
available on the MUXOUT1, MUXOUT2, A/DIN1 and 
A/DIN2 pins. The ADC12L030 has a two channel multiplex- 
er with the multiplexer outputs and A/D Inputs internally 
connected. On request, these A/Ds go through a self cali- 
bration process that adjusts linearity, zero and full-scale er- 
rors to less than ± Yz LSB each. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OV to +3.3V) can be accommodated with a single +3.3V 
supply. In the differential modes, valid outputs are obtained 
even when the negative Inputs are greater than the positive 
because of the 12-bit plus sign two’s compliment output 
data format. 

The serial I/O Is configured to comply with NSC’s MICRO- 
WIRETM and Motorola’s SPI standards. For complementary 
voltage references see the LM4040, LM4041 or LM9140 
data sheets. 

Applications 

■ Portable Medical instruments 

■ Portable computing 

■ Portable Test equipment 


Features 

■ OV to 3.3V analog Input range with single 3.3V power 
supply 

■ Serial I/O (MICROWIRE and SPI Compatible) 

■ 2, 4, or 8 channel differential or single-ended 
multiplexer 

■ Analog input sample/hold function 

■ Power down mode 

■ Variable resolution and conversion rate 

■ Programmable acquisition time 

■ Variable digital output word length and format 

■ No zero or full scale adjustment required 

■ Fully tested and guaranteed with a 2.5V reference 

■ No Missing Codes over temperature 


Key Specifications 

■ Resolution 

■ 1 2-bit plus sign conversion time 

■ 12-bit plus sign sampling rate 

■ Integral linearity error 

■ Single supply 

■ Power dissipation 
— Power down 


12-bit plus sign 
8.8 juLS (min) 
73 kHz (max) 
±1 LSB (max) 
3.3V ±10% 
15 mW (max) 
40 jllW (typ) 


ADC12L038 Simpiified Biock Diagram 


CS PD CONV CCLK SCLK 



TL/H/1 1830-1 
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Connection Diagrams 


16-Pln Dual-ln>Line and 
Wide Body SO Packages 


CHO — 

1 

16 

CHI — 

2 

15 

COM — 

3 

14 

DOR — 

4 

13 

EOC — 

5 

ADC12L030 

12 

'^REF 

6 

1 1 


7 

10 

DGND — 

8 

9 


Top View 


Vd+ 

CCLK 

SCLK 

Dl 

DO 

CONY 


TL/H/1 1830-2 


24-Pin Dual-ln-Line and 
Wide Body SO Packages 


CHO- 

1 

24 

+ 

_L 

CHI — 

2 

23 

— DOR 

CH2 — 

3 

22 

— CCLK 

CH3- 

4 

21 

-SCLK 

COM- 

5 

20 

-Dl 

MUX0UT1 — 

6 

19 

-DO 

A/DINI - 


ADC12L034 


7 

18 

-CS 

MUX0UT2 — 

8 

17 

— CONY 

A/DIN2- 

9 

16 

— EOC 


10 

15 

— PD 

^REF'*' “ 

11 

14 

-AGND 

DGND — 

12 

13 

-V 


Top View 


TL/H/1 1830-4 


20-Pin Dual-ln-Line and 
Wide Body SO Packages 



28-Pin Dual-ln-Line and 
Wide Body SO Packages 



Ordering Information 


Industrial Temperature Range 
-40X ^ Ta ^ +85“C 

NS Package 
Number 

ADC12L030CIN 

N16E 

ADC12L030CIWM 

M16B 

ADC12L032CIN 

N20A 

ADC12L032CIWM 

M20B 

ADC12L034CIN 

N24C 

ADC12L034CIWM 

M24B 

ADC12L038CIN 

N28B 

ADC12L038CIWM 

M28B 


TL/H/1 1830-3 


2 


TL/H/1 1830-5 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Positive Supply Voltage 

(V+ = Va+ = Vd+) 6.5V 

Voltage at Inputs and Outputs 
except CH0-CH7 and COM -0.3V to V+ +0.3V 

Voltage at Analog Inputs 

CHO-CH7andCOM GND -5VtoV+ +5V 

|Va+-Vd+| 300 mV 

Input Current at Any Pin (Note 3) ± 30 mA 

Package Input Current (Note 3) ±120 mA 

Package Dissipation at 

Ta = 25‘’C(Note4) 500 mW 

ESD Susceptability (Note 5) 

Human Body Model 1500V 

Soldering Information 

N Packages (1 0 seconds) 260'’C 

SO Package (Note 6): 

Vapor Phase (60 seconds) 21 5‘’C 

Infrared (1 5 seconds) 220'’C 

Storage T emperature - 65‘’C to + 1 50®C 

Operating Ratings (Notes i & 2 ) 

Operating Temperature Range T^in ^ Ta ^ Tmax 

ADC12L030CIN, ADC12L030CIWM, 

ADC12L032CIN, ADC12L032CIWM, 

ADC12L034CIN, ADC12L034CIWM, 

ADC12L038CIN, 

ADC12L038CIWM -40"C ^ Ta ^ +85°C 

Supply Voltage (V+ = Va+ = Vd+) + 3.0V to + 5.5V 

|Va+-Vd+| ^100 mV 

Vref”^ ov to Va + 

Vref" OVtoVREF^ 

Vref(Vref+ - Vref“) 1VtoVA + 

Vref Common Mode Voltage Range 

(VREF+ + Vref-) 0.1VA+to0.6VA+ 

A/DIN1, A/DIN2, MUXOUT1 
and MUXOUT2 Voltage Range OV to Va+ 

A/D IN Common Mode Voltage Range 

0VtoVA+ 

Converter Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +3.3 Vpc. Vref"^ = +2.500 Vdc, Vref“ = OVdc. 12-bit + 
sign conversion mode, fcK = ^SK = 5 MHz, Rs = 25n, source impedance for Vref"^ and Vref" ^ 25fl, fully-differential input 
with fixed 1 .250V common-mode voltage, and 1 0(tcK) acquisition time unless otherwise specified. Boldface limits apply for 

Ta == Tj = Tmiii to TpiAXi all other limits Ta = Tj = 25°C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS 


Resolution with No Missing Codes 



12 + sign 

Bits (min) 

+ ILE 

Positive Integral Linearity Error 

After Auto-Cal (Notes 12, 18) 

±1/2 

±1 

LSB (max) 

-ILE 

Negative Integral Linearity Error 

After Auto-Cal (Notes 12, 18) 

±1/2 

±1 


DNL 

Differential Non-Linearity 

After Auto-Cal 


±1 



Positive Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 8) 

±1/2 

±2 

WBSiBlW 


Negative Full-Scale Error 

After Auto-Cal (Notes 12,18) 

±1/2 

±2 

LSB (max) 


Offset Error 

After Auto-Cal (Notes 5, 18) 
V|n(+) = V|n(-) = 1.250V 

±1/2 

±2 

LSB (max) 


DC Common Mode Error 

After Auto-Cal (Note 1 5) 

±2 

±3.5 

LSB (max) 

TUE 

Total Unadjusted Error 

After Auto-Cal 
(Notes 12 , 13 and 14) 

±1 


LSB 


Resolution with No Missing Codes 

8-bit + sign mode 


8 + sign 

Bits (min) 

+ INL 

Positive Integral Linearity Error 

8-bit + sign mode (Note 12) 


±1/2 


-INL 

Negative Integral Linearity Error 

8-bit + sign mode (Note 1 2) 


±1/2 

LSB (max) 

DNL 

Differential Non-Linearity 

8-^lt + sign mode 


±3/4 

LSB (max) 


Positive Full-Scale Error 

8-bit + sign mode (Note 12) 


± 1/2 

LSB (max) 
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Converter Electrical Characteristics (continued) 

The following specifications apply for V + = Va'*' = Vd+ = +3.3 Vdc, Vref'^ = +2.500 Vpc. Vref” = 0 Vdc. 12-bit + 
sign conversion mode, fcK = fsK = 5 MHz, Rs = 25n, source impedance for Vref'^ and Vref“ ^ 25fl, fully-differential input 
with fixed 1.250V common-mode voltage, and lO(tcK) acquisition time unless otherwise specified. Boldface limits apply for 

Ta = Tj = Tmin Tmax; all other limits Ta = Tj = 25“C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS (Continued) 


Negative Full-Scale Error 

8-bit + sign mode (Note 12) 


±1/2 

LSB (max) 


Offset Error 

8-bit + sign mode, 
after Auto-Zero (Note 13) 

V|n(+) = V|n(-) = + 1.250V 


±1/2 

LSB (max) 

TUE 

Total Unadjusted Error 

8-bit + sign mode 
after Auto-Zero 
(Notes 12, 13 and 14) 


±3/4 

LSB (max) 

" 

Multiplexer Channel to Channel 
Matching 


±0.05 


LSB 


Power Supply Sensitivity 

Offset Error 
+ Full-Scale Error 
- Full-Scale Error 
+ Integral Linearity Error 
- Integral Linearity Error 

V+ = +3.3V ±10% 

±0.5 

±0.5 

±0.5 

±0.5 

±0.5 

±1 

±1.5 

±1.5 

LSB (max) 
LSB (max) 
LSB (max) 
LSB 

LSB 


Output Data from 
“12-Bit Conversion of Offset” 

(see Table V) 

(Note 20) 


+ 10 

-10 

LSB (max) 
LSB (min) 


Output Data from 

“12-Bit Conversion of Full-Scale” 

(see Table V) 

(Note 20) 


4095 

4093 

LSB (max) 
LSB (min) , 

UNIPOLAR DYNAMIC CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus 

Distortion Ratio 

flN = 1 kHz,V|N = 2.5 Vpp 
f|N = 20 kHz,V|N = 2.5 Vpp 
f|N = 40 kHz,V|N = 2.5 Vpp 

69.4 

68.3 

65.7 


dB 

dB 

dB 


-3 dB Full Power Bandwidth 

V|N = 2.5 Vpp, where S/(N + D) drops 3 dB 

31 


kHz 

DIFFERENTIAL DYNAMIC CONVERTER CHARACTERISTICS 

S/(N + D) 

Signal-to-Noise Plus 

Distortion Ratio 

flN = 1 kHz,V|N = +2.5V 
f|N = 20 kHz, ViN = ±2.5V 
f|N = 40kHz,V|N = +2.5V 

77.0 

73.9 

67.0 


H 


-3 dB Full Power Bandwidth 

V|N = ±2.5V, where S/(N + D) drops 3 dB 

40 
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Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +3.3 Vdc. Vref"^ = + 2.500 Vdc, Vref~ = 0 Vdc. 12-blt + 
sign conversion mode, fcK = fsK = 5 MHz, Rs = 25n, source impedance for Vref"^ and Vref“ ^ 25n, fully-differentiaj input 
with fixed 1 .250V common-mode voltage, and 1 0(tcK) acquisition time unless otherwise specified. Boldface limits apply ifor 
Ta = Tj = Tmiii to Tmax! all other limits Ta = Tj = 26‘*C. (Notes 7, 8 and 9) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

REFERENCE INPUT, ANALOG INPUTS AND MULTIPLEXER CHARACTERISTICS 

Cref 

Reference Input Capacitance 


85 


PF 

Ca/D 

A/DIN1 and A/DIN2 Analog Input 
Capacitance 


75 


PF 


A/DIN1 and A/DIN2 Analog Input 
Leakage Current 

V|N=+3.3Vor 

V|N = 0V 

±0.1 

±1.0 

jixA (max) 


CH0-CH7 and COM Input Voltage 





CcH 

CH0-CH7 and COM Input Capacitance 


10 


pF 


MUX Output Capacitance 


20 


pF 


Off Channel Leakage (Note 16) 
CH0-CH7 and COM Pins 

On Channel = 3.3V and 

Off Channel = OV 

-0.01 

-0.3 

julA (min) 

On Channel = OV and 

Off Channel = 3.3V 

0.01 

0.3 

juA (max) 

! 

On Channel Leakage (Note 16) 
CH0-CH7 and COM Pins 

On Channel = 3.3V and 

Off Channel = OV 

0.01 

0.3 

jLiA(max) 

On Channel = OV and 

Off Channel = 3.3V 

-0.01 

-0.3 

jliA (min) 


MUXOUT1 and MUXOUT2 

Leakage Current 

Vmuxout = 3.3V or 

Vmuxout = OV 

0.01 

0.3 

jllA (max) 

Ron 

MUX On Resistance 

V|N = 1.65V and 

Vmuxout = i-SSV 

1300 

1900 

n (max) 


Ron Matching Channel to Channel 


5 


% 


Channel to Channel Crosstalk 


-72 


dB 


MUX Bandwidth 


90 


kHz 
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DC and Logic Electrical Characteristics 

The following specifications apply for V + = = Vd+ = +3-3 Vdc. Vref*^ = +2.500 Vdc. Vref“ = 0 Vdc. 12-bit + 

sign conversion mode, fcK = ^SK = 5 MHz, Rs = 25ft, source impedance for Vref"^ and Vref“ ^ 25n, fully-differential input 
with fixed 1.250V common-mode voltage, and lO(tcK) acquisition time unless otherwise specified. Boldface limits apply for 
Ta = Tj = Tmin Tmax; all other limits Ta = Tj = 25‘’C. (Notes 7, 8 and 9) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

CCLK, CS, CONV, Dl, PD AND SCLK INPUT CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

V+ = 3.6V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

V+ = 3.0 V 


0.8 

V (max) 

l|N(1) 

Logical “1 ” Input Current 

V|N = 3.3V 

0.005 

1.0 

fxA (max) 

l|N(0) 

Logical “0” Input Current 

< 

2 

II 

O 

< 

-0.005 

-1.0 


DO, EOC AND DOR DIGITAL OUTPUT CHARACTERISTICS 

V0UT(1) 

Logical “1 ” Output Voltage 

V+ = 3.0V, louT = -360 /xA 


2.4 

V (min) 



V+ = 3.0V, louT = - 10 jliA 


2.9 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

V+ = 3.0V, louT = 1.6 mA 


0.4 

V (max) 

■out 

TRI-STATE Output Current 

VquT = 

-0.1 

-3.0 

jllA (max) 



VoUT = 3.3V 

0.1 

3.0 

jllA (max) 

+ isc 

Output Short Circuit Source Current 

VoUT == ov 

14 

6.5 

mA (min) 

->sc 

Output Short Circuit Sink Current 

VoUT = Vd''' 

16 

8.0 

mA (min) 

POWER SUPPLY CHARACTERISTICS 


Digital Supply Current 

Awake 

1.1 

1.5 

mA (max) 



CS = HIGH, Powered Down, CCLK on 

600 


julA 



CS = HIGH, Powered Down, CCLK off 

12 


fxA 

Ia + 

Positive Analog Supply Current 

Awake 

2.2 

3.0 

mA (max) 



CS = HIGH, Powered Down, CCLK on 

10 


jaA 



CS = HIGH, Powered Down, CCLK off 

0.1 


julA 

Iref 

Reference Input Current 

Awake 

70 


jjlA 



CS = HIGH, Powered Down 

0.1 


fiA 
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AC Electrical Characteristics 

The following specifications apply for V+ = Va+ = Vd+ = +3.3 Vdc. Vref'^ = +2.500 Vdc. Vref~ = 0 Vdc. 12-bit + 
sign conversion mode, tr = tf = 3 ns, fcK = fsK = 5 MHz, Rs = 25(1, source impedance for Vref"^ and Vref“ ^ 25ft, fully- 
differential input with fixed 1 .250V common-mode voltage, and 1 0(tcK) acquisition time unless otherwise specified. Boldface 
limits appiy for Ta = Tj = Tmin to TmaxI all other limits Ta == Tj = 25“C. (Note 17) 


Symbol 

Parameter 




■nH 




fCK 

Conversion Clock (CCLK) Frequency 


10 

5 





1 



fSK 

Serial Data Clock SCLK Frequency 


10 

5 





0 




Conversion Clock Duty Cycle 



40 






60 



Serial Data Clock Duty Cycle 



40 

% (min) 





60 

% (max) 

tc 

Conversion Time 

12-Bit + Sign or 12-Bit 

44(tcK) 

44(tcK) 

(max) 





8.8 

jLis (max) 


, 

8-Bit + Sign or 8-Bit 

21(tCK) 

21(tCK) 

(max) 





4.2 

jas (max) 

tA 

Acquisition Time ' 

6 Cycles Programmed 

6(tCK) 

6(tcK) 

(min) 


(Note 19) 



ntcK) 

(max) 





1.2 

jLls (min) 





1.4 

, jas(max) 



1 0 Cycles Programmed 

lO(tcK) 

lO(tcK) 

(min) 





11(tCK) 

(max) 





2.0 

jLis (min) 





2.2 

fjLS (max) 



18 Cycles Programmed 

18(tcK) 

18(tcK) 

(min) 





19(tCK) 

(max) 





3.6 

jjLS (min) 





3.8 

juis (max) 



34 Cycles Programmed 

34(tcK) 

34(tcK) 

(min) 





35(tcK) 

(max) 





6.8 

JUS (min) 





7.0 

jLts (max) 

tCAL 

Self-Calibration Time 


4944(tcK) 

4944(tcK) 

(max) 





988.8 

fjLS (max) 


Auto-Zero Time 


76(tcK) 

76(tcK) 

(max) 





15.2 

jms (max) 

tSYNC 

Self-Calibration or Auto-Zero 



2(tcK) 



Synchronization Time from DOR 



3(tcK) 

IHBH 





0.40 

juts (min) 





0.60 

fjLS (max) 

tOOR 

DOR High Time when CS Is Low 


9(tSK) 

9(tSK) 

(max) 


Continuously for Read Data and Software 
Power Up/Down 



1.8 

fis (max) 

tcONV 

CONVValid Data Time 




(max) 


1 



1.6 

jLis (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V+ = \/a+ = Vd+ = +3.3 Vdc. Vref'^ = +2.500 Vdc. Vref~ = 0 Vdc. 12-bit + 
sign conversion mode, tr = tf = 3 ns, fcK = ^SK = 5 MHz, Rs = 25 fl, source impedance for Vref"^ and Vref“ ^ 25n, fully- 
differential input with fixed 1.250V common-mode voltage, and lO(tcK) acquisition time unless otherwise specified. Boldface 
limits apply for = Tj = Tmin Tmax* all other limits Ta = Tj = 25“C. (Note 17) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

tHPU 

Hardware Power-Up Time, Time from 

PD Falling Edge to EOC Rising Edge 


250 

700 

jLis (max) 

^SPU 

Software Power-Up Time, Time from 
Serial Data Clock Falling Edge to 

EOC Rising Edge 


500 

700 

JUS (max) 

Ucc 

Access Time Delay from 
^ Falling Edge to DO Data Valid 


25 

60 

ns (max) 

tSET-UP 

Set-Up Time of ^ Falling Edge to 

Serial Data Clock Rising Edge 



50 

ns (min) 

'delay 

Delay from SCLK Falling 

Edge to ^ Falling Edge 


0 

5 

ns (min) 

tlH . 'oh 

Delay from CS Rising Edge to 

DO TRI-STATE® 

Rl = 3k, Cl = 100 pF 

70 

100 

ns (max) 

'hdi 

Dl Hold Time from Serial Data 

Clock Rising Edge 


5 

15 

ns (min) 

'SDI 

Dl Set-Up Time from Serial Data 

Clock Rising Edge 


5 

10 

ns (min) 

'hdo 

DO Hold Time from Serial Data 

Clock Falling Edge 

Rl = 3k, Cl = 100 pF 

35 


ns (max) 
ns (min) 

'ddo 

Delay from Serial Data Clock 

Falling Edge to DO Data Valid 


50 

90 

ns (max) 

'rdo 

DO Rise Time, TRI-STATE to High 

DO Rise Time, Low to High 

li- 

Q. 

O 

O 

II 

-1 

O 

CO 

II 

oc 

10 

10 

40 

40 

ns (max) 
ns (max) 

'fdo 

DO Fall Time, TRI-STATE to Low 

DO Fall Time, High to Low 

Rl = 3k, Cl = 100 pF 

15 

15 

40 

40 

ns (max) 
ns (max) 

'CD 

Delay from CS Falling Edge 
to DOR Falling Edge 


50 

80 

ns (max) 

'SD 

Delay from Serial Data Clock Falling 
Edge to DOR Rising Edge 


45 

80 

ns (max) 

C|N 

Capacitance of Logic Inputs 


10 


pF 

Gout 

Capacitance of Logic Outputs 


20 


pF 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supplies (V|N < GNDorViN > Va"*" orVo+X the current at that pin should be limited to 20 mA. 
The 1 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 20 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax, 0 ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = tSO^C. The typical thermal resistance (0ja) of these parts when board mounted follow: 


Part Number 

Thermal 

Resistance 

^JA 

ADC12L030C1N 

53“C/W 

ADC12L030CIWM 

70“C/W 

ADC12L032CIN 

46‘’C/W 

ADC12L032CIWM ' 

64°C/W 

ADC12L034CIN ' 

42'’C/W 

ADC12L034CIWM 

SZ^C/W 

ADC12L038CIN 

40°C/W 

ADC12L038CIWM 

50°C/W 


Note 5: The human body model is a 1 00 pF capacitor discharged through a 1 .5 kn resistor into each pin. 

Note 6: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any post 1986 National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above Va+ or 5V below GND 
will not damage this device. However, errors in the A/D conversion can occur (if these diodes are forward biased by more than 50 mV) if the input voltage 
magnitude of selected or unselected analog input go above Va+ or below GND by more than 50 mV. As an example, if Va+ is 3.0 Vdc. full-scale input voltage 
must be ^3.05 Vqc fo ensure accurate conversions. 


ANALOG 

INPUTS 



TL/H/1 1830-6 


Note 8: To guarantee accuracy, it is required that the Va"*" and V 0 + be connected together to the same power supply with separate bypass capacitors at each V+ 
pin. 

Note 9: With the test condition for Vref (Vref'*' “ Vref“) given as -F 2.500V the 12-bit LSB is 610 jitV and the 8-bit LSB is 9.8 mV. 

Note 10: Typicals are at Tj = Ta = 25‘’C and represent most likely parametric norm. 

Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error, the straight line passes through negative full-scale and zero (see Figures 1b and 1c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the code transitions 
between 1 to 0 and 0 to ■+■ 1 (see Figure 2). 

Note 14: Total unadjusted error includes offset, full-scale, linearity and multiplexer errors. 

Note 15: The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels shorted together. 
Note 16: Channel leakage current is measured after the channel selection. 

Note 17: Timing specifications are tested at the TTL logic levels, V|l = 0.4V for a falling edge and V|h = 2.4V for a rising edge. TRI-STATE output voltage is forced 
to 1.4V. 


Note 18: The ADC12L030 family’s self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will 
result in a maximum repeatability uncertainty of 0.2 LSB. 

Note 19: If SCLK and CCLK are driven from the same clock source, then tA is 6, 10, 18 or 34 clock periods minimum and maximum. 

Note 20: The “12-Bit Conversion of Offset” and “12-Bit Conversion of Full-Scale” modes are intended to test the functionality of the device. Therefore, the output 
data from these modes are not an indication of the accuracy of a conversion result. 
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Electrical Characteristics (Continued) 



FIGURE 1a. Transfer Characteristic 


TL/H/1 1830-7 



(from -4096 to +4095) 


TL/H/1 1830-8 

FiGURE 1b. Simpiified Error Curve vs Output Code without Auto-Caiibration or Auto>Zero Cycles 
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Electrical Characteristics (Continued) 


I ERROR 


POSITIVE 
INTEGRAL 
LINEARITY > 
ERROR 


POSITIVE 

FULL-SCALE 

ERROR 


NEGATIVE ’ 
FULL-SCALE 
ERROR 


NEGATIVE 
INTEGRAL 
' LINEARITY 
ERROR 


OUTPUT CODE 
(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Caiibration Cycle 



ANALOG INPUT VOLTAGE (V,fj) 

FIGURE 2. Offset or Zero Error Voltage 


TL/H/1 1830-10 
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Typical Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign mode is equal to or better than shown. (Note 9) 


Linearity Error Change 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (®C) 


Fuil-Scale Error Change 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (»C) 


Full-Scaie Error Change 
vs Supply Voltage 



-0.6 1 I ^ I I I I 

3.0 3.1 3.2 3.3 5.4 3.5 3.6 

SUPPLY VOLTAGE (V) 


Zero Error Change 
vs Temperature 



TEMPERATURE (°C) 


Zero Error Change 
vs Supply Voltage 



Analog Supply Current 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (<>0 


Digital Supply Current 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (oc) 
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Test Circuits 


DO “TRI-STATE” (tiH. ton) 

TEST POINT 


Rl 3.3V 


Timing Diagrams 


DO except “TRI-STATE” 

3.3V 

TEST POINT O 

T MMD7600 X 

or Equivalent ^ 2.2k 
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Leakage Current 


•on 

ADC12L038 


CHO(ON) 

•off 


rO- 

♦ 

CHI (OFF) 

• • 

• • 

• • 

t- 

unzvurr/ 

• 

• 

CH7(0FF) 



MMD7000 
or Equivalent 


DO Falling and Rising Edge 

VdO-H h“ “H h”^D0 


DO “TRi-STATE” Falling and Rising Edge 

“H K" W 


DO 

0.4V- 


TL/H/1 1830-18 


DO 1.2 V— TRI-STATE- 


Dl Data Input Timing 

“HjarLTirLTL 

h-| , I 


IXDCZx: 
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Timing Diagrams (Continued) 

ADC12L038 Read Data without Starting a Conversion Using ^ 





TL/H/11 830-24 


ADC12L038 Read Data without Stai'ting a Conversion with CS Continuousiy Low 





EOC 
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Timing Diagrams (Continued) 



CCLK 


SCLK 


CS 


CONV 


Dl 


DO 


DOR 

Power 

Down 

EOC 

Power 

Up 

EOC 
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ADC12L038 Software Power Up/Down with CS Continuously Low and 16>Bit Digital Output Format 


CCLK 

SCLK 

CS 

CONV 

Dl 

DO 

W 

Power 

Down 

EOC 




Power 

Up 

EOC 
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Timing Diagrams (Continued) 


PD 


CCLK 


SCLK 


EOC 


ADC12L038 Hardware Power Up/Down 

“Power Down 




- Power Up 

*HPU“ 


jinniruinnjijwu^ 

™ 


TL/H/ 11830-32 

Note: Hardware power up/down may occur at any time. If PD Is high whiie a conversion is in progress that conversion will be corrupted and erroneous data will be 
stored in the output shift register. 


ADC12L038 Configuration Modification— Example of a Status Read 



Note: In order for ail 9 bits of status Information to be accessible the last conversion programmed before Cycle N needs to have a resolution of 8 bits plus sign, 
12 bits, 12 bits plus sign, or greater. 
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Pin Descriptions 

CCLK The clock applied to this input controls the su- 
cessive approximation conversion time interval 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 jxs. 

SCLK This is the serial data clock input. The clock 
applied to this input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the Dl pin into 
the multiplexer address and mode select shift 
register. This address controls which channel of 
the analog input multiplexer (MUX) is selected 
and the mode of operation for the A/D. With CS 
low the falling edge of SCLK shifts the data re- 
sulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When CS is low continuously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When ^ is toggled the 
falling e(^ of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The rise and fall times of the clock edges 
should not exceed 1 jus. 

Dl This Is the serial data input pin. The data ap- 

plied to this pin Is shifted by the rising edge of 
SCLK into the multiplexer address and mode 
select register. Tables II through V show the as- 
signment of the multiplexer address and the 
mode select data. 

DO The data output pin. This pin is an active push/ 

pull output when CS is Low. When CS is High 
this output is in TRI-STATE. The A/D conver- 
sion result (D0-D12) and converter status data 
are clocked out by the falling edge of SCLK on 
this pin. The word length and format of this re- 
sult can vary (see Table I). The word length and 
format are controlled by the data shifted into 
the multiplexer address and mode select regis- 
ter (see Table V). 

EOC This pin is an active push/pull output and indi- 
cates the status of the ADC12L030/2/4/8. 

" When low, it signals that the A/D is busy with a 
conversion, auto-calibration, auto-zero or power 
down cycle. The rising edge of EOC signals the 
end of one of these cycles. 

CS This is the chip select pin. When a logic low is 

applied to this pin, the rising edge of SCLK 
shifts the data on Dl into the address register. 
Thi s low also brings DO out of TRI-STATE. With 
CS low the falling edge of SCLK shifts the data 
resulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When CS is low continuously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When CS is toggled the 
falling ec^ of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The falling edge of CS resets a conver- 
sion In progress and starts the sequence for a 
new conversion. When CS is brought back low 
during a conversion, that conversion Is pre- 


maturely ended. The data in the output latches 
may be corrupted. Therefore, when CS is 
brought back low during a conversion in prog- 
ress the data output at that time should be ig- 
nored. CS may also be left continuously low. In 
this case it is Imperative that the correct number 
of SCLK pulses be applied to the ADC in order 
to remain synchronous. After the ADC supply 
power is applied, it expects to see 13 clock 
pulses for each I/O sequence. The number of 
clock pulses the ADC expects is the same as 
the digital output word length. This word length 
can be modified by the data shifted in on the 
DO pin. Table V details the data required. 

DOR This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 

CONV A logic low is required on this pin to program 
any mode or change the ADC’s configuration as 
listed in the Mode Programming Table (Table V) 
such as 12-bit conversion, 8-bit conversion, 
Auto Cal, Auto Zero etc. When this pin is high 
the ADC is placed in the read data only mode. 
While in the read data only mode, bringing CS 
low and pulsing SCLK will only clock out on DO 
any data stored in the ADCs output shift regis- 
ter. The data on Dl will be neglected. A new 
conversion will not be started and the ADC will 
remain in the mode and/or configuration previ- 
ously programmed. Read data only cannot be 
performed while a conversion, Auto-Cal or 
Auto-Zero are In progress. 

PD This is the power down pin. When PD is high 

the A/D is powered down; when PD is low the 
A/D is powered up. The A/D takes a maximum 
of 700 jLis to power up after the command is 
given. 

CH0--CH7 These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the Dl pin, which is loaded on the 
rising edge of SCLK into the address register 
(see Tables II through IV). 

The voltage applied to these inputs should not 
exceed Va+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 

COM This pin is another analog input pin. It is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 

MUXOUT1, These are the multiplexer output pins. 

MUXOUT2 

A/DIN1, These are the converter input pins. MUXOUT1 

A/DIN2 is usually tied to A/D1N1. MUXOUT2 is usually 
tied to A/DIN2. If external circuitry is placed be- 
tween MUXOUT1 and A/DIN1, or MUXOUT2 
and A/DIN2 it may be necessary to protect 
these pins. The voltage at these pins should not 
exceed Va + or go below AGND (see Figure 3 ). 
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Pin Descriptions (Continued) 


This is the positive analog voltage reference in- 
put. In order to maintain accuracy the voltage 
range of Vref (Vref = Vref+ - Vref“) is 
1 Vdc to 3.3 Vdc and the voltage at Vref"^ 
cannot exceed Va*^. See Figure 4 for recom- 
mended bypassing. 

The negative voltage reference input. In order 
to maintain accuracy the voltage at this pin 
must not go below GND or exceed Va'*'. (See 
Figure 4 ). 


Va"^. These are the analog and digital power supply 
pins. Va+ and Vd'^ are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 4 ). The operating voltage range of 
Va+ and V[ 3 + is 3.0 Vdc to 5.5 Vdc- 
DGND This is the digital ground pin (see Figure 4 ). 
AGND This is the analog ground pin (see Figure 4 ). 


From 

external ^ , .I j ^ To ADC pin 

circuitry 250X1 250X1 

iklNSU 


TL/H/ 11830-34 

FIGURE 3. Protecting the MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 Analog Pins 



v+ 

Assigned 
(+) INPUT 


Assigned 

ADC 

(-) INPUT 



%F“ 

DGND 

AGND 


r* r* r N 

lo.o 1 m£|0. 1 |10 

1 1 1 


r* r* * 

|o. oi Mr 1 0. 1 M r |io Mr 

I Z X 


|o.oi Mr|o. i Mr |io mF 
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Analog 
Input , 
Voltage ^ 
Ground 
Reference 


♦Tantalum 

** Monolithic Ceramic or better 


FIGURE 4. Recommended Power Supply Bypassing and Grounding 
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TABLE L Data Out Formats 


s 

DBO 

DB1 

DB2 

DBS 

DB4 

DBS 

DB6 

DB7 

CO 

ffi 

Q 

DB9 

DB10 

ffi 

O 

DB12 

DB13 

DB14 

DB15 

DB16 

17 

Bits 

X 

X 

X 

X 

Sign 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 

13 

Bits 

Sign 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 





9 

Bits 

Sign 

MSB 

6 

5 

4 

'3 

2 

1 

LSB 









17 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

Sign 

X 

X 

X 

X 

13 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

Sign 





9 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

MSB 

Sign 









16 

Bits 

0 

0 

0 

0 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 


12 

Bits 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 






8 

Bits 

MSB 

6 

5 

4 

3 

2 

1 

LSB 










16 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

0 

0 

0 

0 


12 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 






8 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

MSB 











X = High or Low state. 


TABLE 11. ADC12L038 Multiplexer Addressing 


Analog Channel Addressed 
and Assignment 

with A/DIN1 tied to MUXOUT1 
and A/DIN2 tied to MUXOUT2 


A/D Input 
Polarity 
Assignment 


Multiplexer 

Output 

Channel 

Assignment 

Mode 

MUXOUT1 MUXOUT2 
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Tables (Continued) 


TABLE III. ADC12L034 Multiplexer Addressing 


Analog Channel Addressed 
MUX and Assignment 

Address with A/DIN1 tied to MUXOUT1 

and A/DIN2 tied to MUXOUT2 


A/D Input 
Polarity 
Assignment 


Multiplexer 

Output 

Channel 

Assignment 



Analog Channel Addressed 
MUX and Assignment 

Address with A/DiNI tied to MUXOUT1 

and A/DIN2 tied to MUXOUT2 


A/D Input 
Polarity 
Assignment 


Multiplexer 

Output 

Channel 

Assignment 


A/DINI A/DIN2 MUXOUT1 MUXOUT2 
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TABLE V. Mode Programming 











Mode Selected 
(Current) 

DO Format 
(next Conversion 
Cycle) 

ADC12L034 

DIO 

DM 

DI2 


DI3 

DI4 

DI5 

DIG 

ADC12L030 

and 

ADC12L032 

DIO 

Dll 





DI2 

DI3 

DI4 

DI5 


See Tables 11,111 or IV 

L 

L 

L 

L 

1 2 Bit Conversion 

12 or 13 Bit MSB First 


L 

L 

L 


12 Bit Conversion 

16 or 17 Bit MSB First 


L 

L 


L 

8 Bit Conversion 

8 or 9 Bit MSB First 

L 

L 

L 

L 

L 

L 


D 

12 Bit Conversion of Full-Scale 

12 or 13 Bit MSB First 

See Tables II, III or IV 

D 


L 

L 

1 2 Bit Conversion 

12 or 13 Bit LSB First 

See Tables II, III or IV 

L 

H 

L 

D 

1 2 Bit Conversion 

16 or 17 Bit LSB First 

See Tables II, III or IV 

L 

H 

H 

L 

8 Bit Conversion 

8 or 9 Bit LSB First 

L 

L 

L 

L 

L 

H 

H 

H 

1 2 Bit Conversion of Offset 

12 or 13 Bit LSB First 

L 

L 

L 

L 

H 

L 

L 

L 

Auto Cal 

No Change 

L 

L 

L 

L 

H 

L 

L 

H 

Auto Zero 

No Change 

L 

L 

L 

L 

o 

L 

D 

L 

Power Up 

No Change 

L 

L 

L 

L 


L 

D 

H 

Power Down 

No Change 

L 

L 

L 

L 


D 

D 

L 

Read Status Register 

No Change 

L 

L 

L 

L 


D 

D 

H 

Data Out without Sign 

No Change 

H 

L 

L 

L 


D 

D 

H 

Data Out with Sign 

No Change 

L 

L 

L 

L 


D 

D 

L 

Acquisition Time — 6 CCLK Cycles 

No Change 

L 

H 

L 

L 


D 


L 

Acquisition Time — 1 0 CCLK Cycles 

No Change 

H 

L 

L 

L 

D 

D 

D 

D 

Acquisition Time — 1 8 CCLK Cycles 

No Change 

H 

H 

L 

L 



D 

D 

Acquisition Time — 34 CCLK Cycles 

No Change 

L 

L 

L 

L 

H 

H 

H 

H 

User Mode 

No Change 

H 

X 

X 

X 

H 

H 

H 

H 

Test Mode 

(CHI -CH7 become Active Outputs) 

No Change 


Note: The A/D powers up with no Auto Cal, no Auto Zero, 10 CCLK acquisition time, 12-bit + sign conversion, power up, 12- or 13-bit MSB first and user mode. 
X = Don’t Care 


TABLE VI. Conversion/Read Data Only Mode Programming 


CS 

CONV 

PD 

Mode 

L 

L 

L 

See Table V for Mode 

L 

H 

L 

Read Only (Previous DO Format) 
No Conversion 

H 

X 

L 

Idle 

X 

X 

H 

Power Down 


X = Don’t Care 
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TABLE VII. Status Register 


Status Bit 
Location 

DBO 

DB1 

DB2 

DBS 

DB4 

DBS 

DB6 

DB7 

DBS 

Status Bit 

PU 

PD 

Cai 

8 or 9 

12 or 13 

16 or 17 

Sign 

Justification 

Test Mode 


Device Status 

DO Output Format Status 

Function 

“High” 
indicates 
a Power 

Up 

Sequence 
is in 

progress 

“High” 
indicates 
a Power 
Down 
Sequence 
is in 

progress 

“High” 
indicates 
an Auto- 
Cal 

Sequence 
is in 

progress 

“High” 
indicates 
an 8 or 9 
bit format 

“High” 
indicates 
a 12 or 

13 bit 
format 

“High” 
indicates 
a 16 or 

17 bit 
format 

“High” 
indicates 
that the 
sign bit is 
included. 
When 
“Low” 
the sign 
bit Is not 
included. 

When “High” 
the 

conversion 
result will be 
output MSB 
first. When 
“Low” the 
result will be 
output LSB 
first. 

.When 
“High” the 
device is in 
test mode. 
When 
“Low” the 
device is in 
user mode. 


Application Hints 

1.0 DIGITAL INTERFACE 

1.1 Interface Concepts 

The example in Figure 5 shows a typical sequence of 
events after the power Is applied to the ADC1 2L030/2/4/8: 



12-Bit+Sign 

Conv2 


1 trash [— * Trash 1 iq®)* ^Status Dalaj— » 

Conv 1 1 

Data 1 


TL/H/1 1830-36 

FIGURE 5. Typical Power Supply Power Up Sequence 

The first instruction input to the A/D via Dl initiates Auto Cal. 
The data output on DO at that time is meaningless and is 
completely random. To determine whether the Auto Cal has 
been coinpleted, a read status instruction is issued to the 
A/D. Again the data output at that time has no significance 
since the Auto Cal procedure modifies the data in the output 
shift register. To retrieve the status information, an addition- 
al read status Instruction is Issued to the A/D. At this time 
the status data is available on DO. If the Cal signal in the 
status word Is low Auto Cal has been completed. Therefore, 
the next instruction Issued can start a conversion. The data 
output at this time is again status Information. To keep noise 
from corrupting the A/D conversion, the status can not be 
read during a conversion. If ^ id strobed and is brought low 
during a conversion, that conversion is prematurely ended. 
EOC can be used to determine the end of a conversion or 
the A/D controller can keep track In software of when it 
would be appropriate to communicate to the A/D again. 


I/O Sequence 12 


Once it has been determined that the A/D has completed a 
conversion another Instruction can be transmitted to the 
A/D. The data from this conversion can be accessed when 
the next instruction is issued to the A/D. 

Note, when CS is low continuously it is Important to transmit 
the exact number of SCLK cycles, as shown in the timing 
diagrams. Not doing so will desynchronize the serial com- 
munication to the A/D (see Section 1 .3). 

1.2 Changing Configuration 

The configuration of the ADC1 2L030/2/4/8 on power up 
defaults to 12-bit plus sign resolution, 12- or 13-blt MSB 
First, 10 CCLK acquisition time, user mode, no Auto Cal, no 
Auto Zero, and power up mode. Changing the acquisition 
time and turning the sign bit on and off requires an 8-blt 
instruction to be issued to the ADC. This Instruction will not 
start a conversion. The instructions that select a multiplexer 
address and format the output data do start a conversion. 
Figure 6 describes an example of changing the configura- 
tion of the ADC12L030/2/4/8. 

During I/O sequence 1 the instruction on Dl configures the 
ADC12L030/2/4/8 to do a conversion with 12-bit +sign 
resolution. Notice that when the 6 CCLK Acquisition and 
Data Out without Sign instructions are issued to the ADC, 
I/O sequences 2 and 3, a new conversion is not started. 
The data output during these Instructions is from conversion 
N which was started during I/O sequence 1 . The Configura- 
tipn Modification timing diagram describes in detail the se- 
quence of events necessary for a Data Out without Sign, 
Data Out with Sign, or 6/10/18/34 CCLK Acquisition time 
mode selection. Table V describes the actual data neces- 

I ^ I s. I e I 
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FIGURE 6. Changing the ADC’s Conversion Configuration 
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Application Hints (Continued) 

sary to be input to the ADC to accomplish this configuration 
modification. The next instruction, shown in Figure 6, issued 
to the A/D starts conversion N + 1 with 8 bits of resolution 
formatted MSB first. Again the data output during this I/O 
cycle is the data from conversion N. 

The number of SCLKs applied to the A/D during any con- 
version I/O sequence should vary in accord with the data 
out word format chosen during the previous conversion I/O 
sequence. The various formats and resolutions available 
are shown in Table I. In Figure 6, since 8-bit without sign 
MSB first format was chosen during I/O sequence 4, the 
number of SCLKs required during I/O sequence 5 Is 8. In 
the following I/O sequence the format changes to 12-bit 
without sine MSB first; therefore the number of SCLKs re- 
quired during I/O sequence 6 changes accordingly to 12. 

1.3 ^ Low Continuously Considerations 

When CS is continuously low, it is important to transmit the 
exact number of SCLK pulses that the ADC expects. Not 
doing so will desynchronize the serial communications to 
the ADC. When the supply power is first applied to the ADC, 
it will expect to see 13 SCLK pulses for each I/O transmis- 
sion. The number of SCLK pulses that the ADC expects to 
see is the same as the digital output word length. The digital 
output word length is controlled by the Data Out (DO) for- 
mat. The DO format maybe changed any time a conversion 
Is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats: 


DO Format 

Number of 

SCLKs 

Expected 

8-Bit MSB or LSB First 

SIGN OFF 

8 

SIGN ON 

9 

12-Bit MSB or LSB First 

SIGN OFF 

12 

SIGN ON 

13 

16-Blt MSB or LSB first 

SIGN OFF 

16 

SIGN ON 

17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leaving ^ low continuously. 
The number of clock pulses required for an I/O exchange 
may be different for the case when CS is left low continu- 
ously vs. the case when CS Is cycled. Take the I/O se- 
quence detailed in Figure 5 (Typical Power Supply Se- 
quence) as an example. The table below lists the number of 
SCLK pulses required for each instruction: 


Instruction 

CS Low 
Continuously 

CS strobed 

Auto Cal 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

8 SCLKs 

12-Blt + Sign Conv 1 

13 SCLKs 

8 SCLKs 

12-Bit + Sign Conv 2 

13 SCLKs 

13 SCLKs 


1.4 Analog input Channel Selection 

The data Input on Dl also selects the channel configuration 
for a particular A/D conversion (see Tables 11, III, IV and V). 
In Figure 6 the only times when the channel configuration 
could be modified would be during I/O sequences 1, 4, 5 
and 6. Input channels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on Dl, during I/O sequence number 4 In Figure 6, 
to set CHI as the positive input and CHO as the negative 
input for the different versions of ADCs: 


Part 

Number 

Dl Data 

DIO 

Dll 

Di2 

DI3 

DI4 

DI5 

DI6 

DI7 

ADC12L030 

L 

H 

L 

L 

H 

L 

X 

X 

ADC12L032 

L 

H 

L 

L 

H 

L 

X 

X 

ADC12L034 

L 

H 

L 

L 

L 

H 

L 

X 

ADC12L038 

L 

H 

L 

L 

L 

L 

H 

L 


Where X can be a logic high (H) or low (L). 


1.5 Power Up/Down 

The ADC may be powered down at any time by taking the 
PD pin HIGH or by the instruction input on Dl (see Tables V 
and VI, and the Power Up/Down timing diagrams). When 
the ADC is powered down in this way the circuitry necessary 
for an A/D conversion is deactivated. The circuitry neces- 
sary for digital I/O is kept active. Hardware power up/down 
is controlled by the state of the PD pin. Software power up/ 
down is controlled by the instruction issued to the ADC. If a 
software power up Instruction is issued to the ADC while a 
hardware power down is In effect (PD pin high) the device 
will remain in the power-down state. If a software power 
down instruction is Issued to the ADC while a hardware 
power up is in effect (PD pin low), the device will power 
down. When the device is powered down by software, it 
may be powered up by either Issuing a software power up 
instruction or by taking PD pin high and then low. If the 
power down command is issued during an A/D conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied on. 

1.6 User Mode and Test Mode 

An instruction may be issued to the ADC to put it Into test 
mode. Test mode is used by the manufacturer to verify com- 
plete functionality of the device. During test mode CHO- 
CH7 become active outputs. If the device is inadvertently 
put into the test mode with CS low continuously, the serial 
communications may be desynchronized. Synchronization 
may be regained by cycling the power supply voltage to the 
device. Cycling the power supply voltage will also set the 
device into user mode. If CS is used in the serial Interface, 
the ADC may be queried to see what mode It is in. This is 
done by issuing a “read STATUS register” instruction to the 
ADC. When bit 9 of the status register is high the ADC Is in 
test mode; when bit 9 is low the ADC is in user mode. As an 
alternative to cycling the power supply, an Instruction se- 
quence may be used to return the device to user mode. This 
instruction sequence must be Issued to the ADC using CS. 
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The following table lists the instructions required to return 
the device to user mode: 


Instruction 

Di Data 

DIO 

DI1 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 

TEST MODE 

H 

X 

X 

X 

H 

H 

H 

H 

RESET 

L 

L 

L 

L 

H 

H 

H 

L 

TEST MODE 

L 

L 

L 

L 

H 

L 

H 

L 

INSTRUCTIONS 

L 

L 

L 

L 

H 

L 

H 

H 

USER MODE 

L 

L 

L 

L 

H 

H 

H 

H 

Power Up 

L 

L 

L 

L 

H 

L 

H 

L 

Set DO with 

H 








or without 

or 

L 

L 

L 

H 

H 

L 

H 

Sign 

L 








Set 

H 

H 







Acquisition 

or 

or 

L 

L 

H 

H 

H 

L 

Time 

L 

L 







Start 

H 

H 

H 

H 


H 

H 

H 

a 

or 

or 

or 

or 

L 

or 

or 

or 

Conversion 

L 

L 

L 

L 


L 

L 

L 


X = Don’t Care 


After returning to user mode with the user mode instruction 
the power up, data with or without sign, and acquisition time 
instructions need to be resent to ensure that the ADC is in 
the required state before a conversion is started. 

1.7 Reading the Data Without Starting a Conversion 

The data from a particular conversion may be accessed 
withou t starting a new conversion by ensuring that the 
CONV line is taken high during the I/O sequence. See the 
Read Data timing diagrams. Table VI describes the opera- 
tion of the CONV pin. 

2.0 DESCRIPTION OF THE ANALOG MULTIPLEXER 

For the ADC12L038, the analog input multiplexer can be 
configured with 4 differential channels or 8 single ended 
channels with the COM input as the zero reference or any 
combination thereof (see Figure 7). The difference between 
the voltages on the Vref"^ and Vref“ pins determines the 
input voltage span (Vref)- The analog input voltage range is 
0 to . Negative digital output codes result when Vin” > 
V|N+. The actual voltage at V|n~ or V|n+ cannot go below 
AGND. 


4 Differential 
Channels 


+(-) 

CHO 

CH 1 

+/_') 

L/ll 1 


L/riZi 

PUT 

-(+) — — 

PU A 

-(+) —— — 

Un4 

PU*^ 

+ (-) — — 

PUft 


Lfio 

CH7 


TL/H/1 1630-38 


8 Single-Ended Channels 
with COM 
as Zero Reference 



COM 


TL/H/1 1830-39 

FIGURE 7 


CHO, CH2, CH4, and CH6 can be assigned to the MUX- 
OUT1 pin in the differential configuration, while CH1, CH3, 
CHS, and CH7 can be assigned to the MUXOUT2 pin. In the 
differential configuration, the analog inputs are paired as fol- 
lows: CHO with CH1 , CH2 with CH3, CH4 with CHS and CH6 
with CH7. The A/DIN1 and A/DIN2 pins can be assigned 
positive or negative polarity. 

With the single-ended multiplexer configuration CHO 
through CH7 can be assigned to the MUXOUT1 pin. The 
COM pin is always assigned to the MUXOUT2 pin. A/DIN1 
is assigned as the positive input; A/DIN2 is assigned as the 
negative input. (See Figure 8). 


Differential 

Configuration 
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Single-Ended 

Configuration 


CHO 

CHI 

CH2 

CHS 

CH4 

CHS 

CH6 

CH7 

COM 



TL/H/1 1830-41 


A/DIN1 and A/DIN2 can be as- A/DIN1 is + input 
signed as the + or - input A/DIN2 is - input 

FIGURE 8 

The Multiplexer assignment tables for the ADC1 21030,2,4,8 
(Tables II, III, and IV) summarize the aforementioned func- 
tions for the different versions of A/Ds. 


2.1 Biasing for Various Multiplexer Configurations 

Figure 9 is an example of biasing the device for single-end- 
ed operation. The sign bit Is always low. The digital output 
range Is 0 0000 0000 0000 to 0 11 11 1111 1111. One LSB 
Is equal to 610 juV (2.5V/4096 LSBs). 
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ANALOG 

INPUT 

VOLTAGE V 

RANGE 

OV TO 2.5V 

12 BITS UNSIGNED 


ASSIGNED 
(-) INPUT 




CHO 


CHI 


CH2 


to 


CH7 

Vd + 

ADC12L03Y 

COM 

VBrr + 

^REF" 


DGND 

AGND 


I 0.01 nV I 0.1 fiF. I 10 

T ^ ^ 


0.01 ^F 0.1 }1F 10 p.F 


_L001 I 0.1 /xF I IOmF 

XXX 


LM9140BYZ-2.5 


ANALOG ^ X 

INPUT V X 

VOLTAGE y - 4 ■■ ^ h- — 

GROUND — L 

REFERENCE — 

FIGURE 9. Single- 

For pseudo-differential signed operation the biasing circuit 
shown in Figure 10 shows a signal AC coupled to the ADC. 

This gives a digital output range of -4096 to +4095. With a 
1 .25V reference, as shown, 1 LSB is equal to 305 jmV. Al- 
though the ADC is not production tested with a 1 .25V refer- 
ence linearity error typically will not change more than 0.3 
LSB. With the ADC set to an acquisition time of 10 clock 
periods the input biasing resistor needs to be 600n or less. 
Notice though that the input coupling capacitor needs to be 
made fairly large to bring down the high pass corner. In- 
creasing the acquisition time to 34 clock periods (with a 
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•Ended Biasing 

5 MHz CCLK frequency) would allow the 600n to increase 
to 6k, which with a ^ fxf coupling capacitor would set the 
high pass corner at 26 Hz. The value of R1 will depend on 
the value of R2. 

An alternative method for biasing pseudo-differential opera- 
tion is to use the +2.5V from the LM9140 to bias any ampli- 
fier circuits driving the ADC as shown in Figure 11. The 
value of the resistor pull-up biasing the LM91 40-2.5 will de- 
pend upon the current required by the op amp biasing cir- 
cuitry. 

Fully differential operation is shown in Figure 12. One LSB 
for this case is equal to (2.5V/4096) = 610 mV. 


ANALOG 

INPUT /V 

VOLTAGE 

RANGE VH I - ■ y 
OV TO 2.5V " ASSIGNED 

(+) INPUT 

12 BITS SIGNED r2 I 

600n S 

(DEPENDS ON ? 

^^^^'^TIME) I (-) input 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND 
REFERENCE 



Va+ 

CHO 


CHI 


CH2 


to 


CHS 


ADC12L03Y 

COM 

^REF'^ 


'^REF" 

DGND 

AGND 


I 0.01 /xFJ^.I^yxFJQO /xF 

J ^ ^ 


[0.01 axF T 0.1 /xF Tio ;xF 


I 0.01 /xF I 0.1 ;xF [ 10 /xF 

XXX 


LM4041AIZ-1.25 


FIGURE 10. Ptaudo-Differential Biasing with the Signal Source AC Coupled Directly into the ADC 
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ANALOG 
INPUT 
VOLTAGE 
RANGE 
OV TO 2.5V 




ASSIGNED 
(-) INPUT 



Va+ 

CHO 


CHI 


CH2 


to 


CHS 


ADC12L03Y 

COM 



%F~ 

DGND 

AGND 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND 
REFERENCE 


I 0.01 ;xF jO.1 /xF [lO;xF 

^ ^ ^ 


[0.01 /iFlO.I /x¥\\0 fiF 


I 0.01 mF I 0.1 plFJ^O 

XXX 


LM4041AIZ-1.2 
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FIGURE 1 1. Alternative Pseudo-Differential Biasing 


ANALOG /V 
INPUT n/ 

VOLTAGE V 

RANGE ^ assigned 

0.4V TO 2.9V 


FULLY DIFFERENTIAL 
12 -BIT PLUS SIGN 


ANALOG sX N 
INPUT 

VOLTAGE > 

RANGE ' assigned 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND ' 
REFERENCE 


CHO 

CH2 

CH4 

Va+ 

or 

CH6 


ADC12L03Y 

CHI 

CHS 

CHS 

%F‘^ 

or 

CH7 

%F" 

DGND 

AGND 


I 0.01 mF I 0.1 fiF I 10 fiF 

^ ^ ^ 

|o .01 ;4f|o. 1 ;4F|lo7iF^ 

XXX 


[0.01 mF I 0.1 [10 fiF 

XXX 


LM9140BYZ-2.5 


TL/H/11 830-50 


FIGURE 12. Fully Differential Biasing 


3.0 REFERENCE VOLTAGE 

The difference in the voltages applied to the Vref*^ and 
Vref” defines the analog Input span (the difference be- 
tween the voltage applied between two multiplexer inputs or 
the voltage applied to one of the multiplexer inputs and ana- 
log ground), over which 4095 positive and 4096 negative 
codes exist. The voltage sources driving Vref+ or Vref~ 
must have very low output impedance and noise. 


The ADC12L030/2/4/8 can be used In either ratiometric or 
absolute reference applications. In ratiometric systems, the 
analog input voltage is proportional to the voltage used for 
the ADC’s reference voltage. When this voltage is the sys- 
tem power supply, the Vref"^ pin is connected to Va"*" and 
Vref~ is connected to ground. This technique relaxes the 
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system reference stability requirements because the analog 
input voltage and the ADC reference voltage move togeth- 
er. This maintains the same output code for given input con- 
ditions. For absolute accuracy, where the analog input volt- 
age varies between very specific voltage limits, a time and 
temperature stable voltage source can be connected to the 
reference inputs. Typically, the reference voltage’s magni- 
tude will require an initial adjustment to null reference volt- 
age induced full-scale errors. 


Below are recommended references along with some key 
specifications. 


Part Number 

Output 

Voltage 

Tolerance 

Temperature 

Coefficient 

(max) 

LM4041CIM3-AdJ 

±0.5% 

±100ppm/°C 

LM4040AIM3-2.5 

±0.1% 

±100ppm/‘’C 

LM9140BYZ-2.5 

±0.5% 

± 25ppm/‘’C 


±0.1% 

± 20ppm/‘’C 


The reference voltage inputs are not fully differential. The 
ADC12L030/2/4/8 will not generate correct conversions or 
comparisons if Vref'*' 's taken below Vref~- Correct con- 
versions result when Vref"^ and Vref” differ by 1V and 
remain, at all times, between ground and Va+. The Vref 
common mode range, (Vref"^ + Vref~)/2, is restricted to 
(0.1 X \/fi,+) to (0.6 X Va+). Therefore, with Va+ = 3.3V 
the center of the reference ladder should not go below 
0.33V or above 1 .98V. Figure 13 is a graphic representation 
of the voltage restrictions on Vref"^ and Vref~- 
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FIGURE 13. Vref Operating Range 


4.0 ANALOG INPUT VOLTAGE RANGE 

The ADC12L030/2/4/8’s fully differential ADC generate a 
two’s complement output that is found by using the equa- 
tions shown below: 

for (12-bit) resolution the Output Code = 

(V|N+ - V|N-) (4096) 

(Vref'^ - Vref") 

for (8-bit) resolution the Output Code = 

(VlN+ - V|n-){256) 

(Vref+ - Vref") 

Round off to the nearest integer value between -4096 to 
4095 for 12-bit resolution and between -256 to 255 for 8- 
bit resolution if the result of the above equation is not a 
whole number. 

Examples are shown in the table below: 


Vref+ 


V|N + 

1 

z 

> 

Digitai 

Output 

Code 

+ 2.5V 

+ 1V 

+ 1.5V 

OV 

0,1111,1111,1111 

+ 2.500V 

OV 

+ 2V 

OV 

0,1100,1100,1101 

+ 2.500V 

OV 

+ 2.499V 

+ 2.500V 

1,1111,1111,1111 

+ 2.500V 

OV 

OV 

+ 2.500V 

1,0000,0000,0000 


5.0 INPUT CURRENT 

At the start of the acquisition window (tA) a charging current 
flows into or out of the analog input pins (A/DIN1 and 
A/DIN2) depending on the Input voltage polarity. The ana- 
log input pins are CH0-CH7 and COM when A/DIN1 is tied 
to MUXOUT1 and A/DIN2 is tied to MUXOUT2. The peak 
value of this input current will depend on the actual input 
voltage applied, the source impedance and the internal mul- 
tiplexer switch on resistance. With MUXOUT1 tied to 
A/DIN1 and MUXOUT2 tied to A/DIN2 the internal multi- 
plexer switch on resistance Is typically 1.6 kn. The A/DIN1 
and A/DIN2 mux on resistance is typically 750n. 

6.0 INPUT SOURCE RESISTANCE 

For low impedance voltage sources (< 600ft), the Input 
charging current will decay, before the end of the S/H’s 
acquisition time of 2 jas (10 CCLK periods with fc = 5 MHz), 
to a value that will not Introduce any conversion errors. For 
high source Impedances, the S/H’s acquisition time can be 
increased to 18 or 34 CCLK periods. For less ADC resolu- 
tion and/or slower CCLK frequencies the S/H’s acquisition 
time may be decreased to 6 CCLK periods. To determine 
the number of clock periods (Nq) required for the acquisition 
time with a specific source impedance for the various reso- 
lutions the following equations can be used: 

12 Bit + Sign Nc = [/?s + 2.3] X /c7 X 0.824 
8 Bit + Sign Nc - + 2.3] X X 0.57 

Where fc is the conversion clock (CCLK) frequency in MHz 
and Rs is the external source resistance in kft. As an exam- 
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Application Hints (Continued) 

pie, operating with a resoiution of 12 Bits -f sign, a 5 MHz 
ciock frequency and maximum acquistion, time of 34 conver- 
sion clock periods the ADC’s analog inputs can handle a 
source impedance as high as 6 kn. The acquisition time 
may also be extended to compensate for the settling or 
response time of external circuitry connected between the 
MUXOUT and A/DIN pins. 

The acquisition time (tA) is started by a falling edge of SCLK 
and ended by a rising edge of CCLK (see Timing Diagrams). 
If SCLK and CCLK are asynchronous one extra CCLK clock 
period may be inserted into the programmed acquisition 
time for synchronization. Therefore with asnychronous 
SCLK and CCLK the acquisition time will change from con- 
version to conversion. 

7.0 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 juiF-0.1 juiF) can be connected be- 
tween the analog input pins, CH0-CH7, and analog ground 
to filter any noise caused by inductive pickup associated 
with long input leads. These capacitors will not degrade the 
conversion accuracy. 

8.0 NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

9.0 POWER SUPPLIES 

Noise spikes on the Va+ and Vd+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. The 


minimum power supply bypassing capacitors recommended 
are low inductance tantalum capacitors of 10 juiF or greater 
paralleled with 0.1 jllF monolithic ceramic capacitors. More 
or different bypassing may be necessary depending on the 
overall system requirements. Separate bypass capacitors 
should be used for the Va+ and Vd+ sujDplies and placed 
as close as possible to these pins. 

10.0 GROUNDING 

The ADC12L030/2/4/8’s performance can be maximized 
through proper grounding techniques. These include the 
use of separate analog and digital ground planes. The digi- 
tal ground plane is placed under all components that handle 
digital signals, while the analog ground plane is placed un- 
der all components that handle analog signals. The digital 
and analog ground planes are connected together at only 
one point, either the power supply ground or at the pins of 
the ADC. This greatly reduces the occurence of ground 
loops and noise. 

Shown In Figure 14 is the ideal ground plane layout for the 
ADC12L038 along with ideal placement of the bypass ca- 
pacitors. The circuit board layout shown In Figure 14 uses 
three bypass capacitors: 0.01 fiF (Cl) and 0.1 jllF (C2) sur- 
face mount capacitors and 10 juF (C3) tantalum capacitor. 

11.0 CLOCK SIGNAL LINE ISOLATION 

The ADC12L030/2/4/8’s performance is optimized by rout- 
ing the analog Input/output and reference signal conductors 
as far as possible from the conductors that carry the clock 
signals to the CCLK and SCLK pins. Ground traces parallel 
to the clock signal traces can be used on printed circuit 
boards to reduce clock signal interference on the analog 
input/output pins. 
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12.0 THE CALIBRATION CYCLE 

A calibration cycle needs to be started after the power sup- 
plies, reference, and clock have been given enough time to 
stabilize after initial turn on. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full-scale, 
offset, and linearity errors down to the specified limits. Full- 
scale error typically changes ±0.4 LSB over temperature 
and linearity error changes even less; therefore It should be 
necessary to go through the calibration cycle only once af- 
ter power up if the Power Supply Voltage and the ambient 
temperature do not change significantly (see the curves in 
the Typical Performance Characteristics). 

13.0 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
or the power supply voltage change significantly. (See the 
curves titled “Zero Error Change vs Ambient Temperature” 
and “Zero Error Change vs Supply Voltage” in the Typical 
Performance Characteristics.) 

14.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise (S/N), signal-to- 
noise + distortion ratio (S/(N -f D)), effective bits, full pow- 
er bandwidth, aperture time and aperture jitter are quantita- 
tive measures of the A/D converter’s capability. 


An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. 
S/(N + D) and S/N are calculated from the resulting FFT 
data, and a spectral plot may also be obtained. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen In the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) or S/N drops 
3dB). 

Effective number of bits can also be useful in describing the 
A/D’s noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equation: 

S/N = (6.02 X n + 1.8)dB 
where n is the A/D’s resolution In bits. 

The effective bits of a real A/D converter, therefore, can be 
found by: 

, . ^ S/N(dB)-1.8 

n(effective) = 

6.02 

As an example, this device with a ± 2.5V, 1 0 kHz sine wave 
input signal will typically have a S/N of 78 dB, which is 
equivalent to 1 2.6 effective bits. 
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Application Hints (Continued) 

15.0 AN RS232 SERIAL INTERFACE to the ADC12L038’s DI,^LK, and DO pins, respectively. 

Shown below is a schematic for an RS232, interface to any ^ control line. 

IBM and compatible PCs. The DTR, RTS, and CTS RS232 
signal lines are buffered via level translators and connected 



TL/H/1 1830-45 

Note: Va+, Vd+, and Vref"^ on the ADC12L038 each have 0.01 fiF and 0.1 chip caps, and 10 fif tantalum caps. All logic devices are bypassed with 0.1 jiF 
caps. The DS14C335 has an internal DC-DC converter that generates the necessary TIA/EIA-232-E output levels from a 3.3V supply. There are four 0.47 p,F 
capacitors required for the DC-DC converter that are not shown in the above schematic. 


The assignment of the RS232 port is shown below 



la 

m 

m 



la 

B1 

BO 

COM1 

Input Address 

3FE 

X 

X 

X 

CTS 

X 

X 

X 

X 

Output Address 

3FC 

X 

X 

X 

0 

X 

X 

RTS 

DTR 


A sample program, written in MicrosoftTM QuickBasic, is 
shown on the next page. The program prompts for data 
mode select Instruction to be sent to the A/D. This can be 
found from the Mode Programming table shown earlier. The 
data should be entered in “1”s and “0”s as shown In the 
table with DIO first. Next the program prompts for the num- 
ber of SCLKs required for the programmed mode select in- 
struction. For instance, to send all “0”s to the A/D, selects 
CHO as the + input, CH1 as the -Input, 12-bit conversion, 
and 1 3-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
1 3 SCLK periods since the output data format is 1 3 bits. The 
part powers up with No Auto Cal, No Auto Zero, 


10 CCLK Acquisition Time, 12-bit conversion, data out with 
sign, 12- or 13-bit MSB First, power up, and user mode. 
Auto Cal, Auto Zero, Power UP and Power Down instruc- 
tions do not change these default settings. The following 
power up sequence should be followed: 

1 . Run the program 

2. Prior to responding to the prompt apply the power to the 
ADC12L038 

3. Respond to the program prompts 

It Is recommended that the first instruction Issued to the 
ADC12L038 be Auto Cal (see Section 1.1). 


2-510 







Application Hints (continued) 

•variables D0L=Data Out word length, DI=Data string for A/D DI input. 

* D0=A/D result string 

•SET CS# HIGH 

OUT &H3FC, (&H2 OR INF (&H3FC) ) 

•set RTS HIGH 

OUT &H3FC, (&HFE AND INF {&H3FC)) 

•SET DTR LOW 

OUT &H3FC, (&HFD AND INF {&H3FC) ) 

•SET RTS LOW 

OUT &H3FC, (&HEF AND INF (&H3FC) ) 

•set B4 low 

10 

LINE INFUT "DI data for ADC12038 (see Mode 

Table on data sheet)"; DI$ 

INFUT "ADC1203a output word length (8,9,12 

,13,16 or 17)" ; DOL 

20 

•SET CS# HIGH 

OUT &H3FC, (&H2 OR INF (&H3FC)) 

•set RTS HIGH 

OUT &H3FC, (&HFE AND INF (&H3FC)) 

•SET DTR LOW 

OUT &H3FC, (&HFD AND INF (&H3FC) ) 

•SET RTS LOW 

•SET CS# LOW 

OUT &H3FC, (&H2 OR INF (&H3FC) ) 

•set RTS HIGH 

OUT &H3FC, (&H1 OR INF (&H3FC)) 

•SET DTR HIGH 

OUT &H3FC, (&HFD AND INF (&H3FC) ) 

•SET RTS LOW 

D0$="" 

•reset DO variable 

OUT &H3FC, (&H1 OR INF (3:H3FC) ) 

•SET DTR HIGH 

OUT &H3FC, (&HFD AND INF (&H3FC) ) 

•SCLK low 

FOR N=:l TO 8 

Temp$=MID$(DI$,N,l) 

IF Temp$="0"THEN 

OUT &H3FC,(&H1 OR INF(&H3FC)) 

ELSE OUT &H3FC, (&HFE AND INF (&H3FC) ) 
END IF •out DI 

OUT &H3FC,(&H2 OR INF (&H3FC) ) 

•SCLK high 

IF (INF (&H3FE) AND 16) =16 THEN 
D0$=D0$+"0" 

ELSE 

D0$=D0$+"1" 


END IF 

•Input DO 

OUT &H3FC, (&H1 OR INF (&H3FC) ) 

•SET DTR HIGH 

OUT &H3FC, (&HFD AND INF (&H3FC) ) 

• SCLK low 

NEXT N 

IF D0L>8 THEN 

FOR N=9 TO DOL 

OUT &H3FC,(&H1 OR INF (&H3FC) ) 

•SET DTR HIGH 

OUT &H3FC,(&HFD AND INF (&H3FC)) 

•SCLK low 

OUT &H3FC,(&H2 OR INF (&H3FC) ) 

•SCLK high 

IF (INF(&H3FE) AND &H16)=&H16 THEN 
D0$=D0$+"0" 

ELSE 

D0$=D0$+«1" 

END IF 

NEXT N 

END IF 

OUT &H3FC,(&HFA AND INF(&H3FC)) 

•SCLK low and DI high 

FOR N=1 TO 500 

NEXT N 

FRINT D0$ 

INFUT "Enter "C" to convert else "RETURN" to alter DI data" ; s$ 

IF s$="C" OR s$="c" THEN 

GOTO 20 

ELSE 

GOTO 10 

END IF 

END 
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National Semiconductor 


ADC12130/ADC12132/APC12138 Self-Calibrating 12-Bit 
Plus Sign Serial I/O A/D Converters with MUX and 
Sample/Hold 


General Description 

The ADC12130, ADC12132 and ADC12138 are 12-blt plus 
sign successive approximation A/D converters with serial 
I/O and configurable input multiplexer. The ADC12132 and 
ADC12138 have a 2 and an 8 channel multiplexer, respec- 
tively. The differential multiplexer outputs and A/D inputs 
are available on the MUXOUT1, MUXOUT2, A/DIN1 and 
A/DIN2 pins. The ADC12130 has a two channel multiplexer 
with the multiplexer outputs and A/D inputs internally con- 
nected. The ADC12130 family Is tested with a 5 MHz clock. 
On request, these A/Ds go through a self calibration pro- 
cess that adjusts linearity, zero and full-scale errors to typi- 
cally less than ± 1 LSB each. 

The analog inputs can be configured to operate In various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OV to + 5V) can be accommodated with a single + 5V sup- 
ply. In the differential modes, valid outputs are obtained 
even when the negative inputs are greater than the positive 
because of the 1 2-bit plus sign output data format. 

The serial I/O Is configured to comply with the NSC 
MICROWIRETM, For complementary voltage references see 
the LM4040, LM4041 or LM9140. 

Applications 

■ Pen-based computers 

■ Digitizers 

■ Global positioning systems 


Features 

■ Serial I/O (MICROWIRE, SPI and QSPI Compatible) 

■ 2 or 8 channel differential or single-ended multiplexer 

■ Analog input sample/hold function 

■ Power down mode 

■ Programmable acquisition time 

■ Variable digital output word length and format 

■ No zero or full scale adjustment required 

■ OV to 5V analog Input range with single 5V power 
supply 


Key Specifications 

■ Resolution 

■ 12-bit plus sign conversion time 

■ 12-bit plus sign throughput time 

■ Integral linearity error 

■ Single supply 

■ Power dissipation 

— 3.3V 

— 3.3V power down 

— 5V 

— 5V power down 


1 2-bit plus sign 
8.8 jlls (max) 
14 jas (max) 
±2 LSB (max) 
3.3V or 5V ±10% 

15 mW (max) 
40 jllW (typ) 
33 mW (max) 
100 jaW (typ) 


ADC12138 Simpiified Biock Diagram 


CS PD CONV CCLK SCLK 
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Connection Diagrams 


16-Pin Dual-In-Line and 
Wide Body SO Packages 



TL/H/1 2079-2 

Top View 


20-Pln SSOP Package 


CHO — 

1 

20 


CHI — 

2 

19 

— CCLK 

COM — 

3 

18 

-SCLK 

MUX0UT1 — 

4 

17 

— Dl 

A/DIN 1 — 

5 

ADC12132 16 

— DO 

MUX0UT2 — 

6 

15 


A/DIN2 — 

7 

14 

— CONV 

'^REF" — 

8 

13 

— EOC 


9 

12 

— DOR 

DGND — 

10 

1 1 

-V 


TL/H/1 2079-47 

Top View 

Ordering Information 


28-Pin Dual-ln-Line, SSOP and 
Wide Body SO Packages 


CHO 
CHI 
CH2 
CHS 
CH4 
CHS 
CH6 
CH7 
COM 
MUX0UT1 
A/DIN 1 
MUX0UT2 
A/DIN2 
DGND 


-V 

— DOR 

— CCLK 

— SCLK 

— Dl 

— DO 

— CONV 

— EOC 

— PD 

— AGND 



1 

28 

- 

2 

27 

- 

3 

26 

- 

4 

25 

- 

5 

24 

- 

6 

23 


7 

22 

ADC12138 

— 

8 

21 

- 

9 

20 

- 

10 

19 

- 

11 

18 

- 

12 

17 

- 

13 

16 

— 

14 

15 


Top View 


Industrial Temperature Range 
-40“C ^ Ta ^ +85‘’C 

NS Package 
Number 

ADC12130CIN 

N16E, 

Dual-ln-Line 

ADC12130CIWM 

M16B, 

Wide Body SO 

ADC12132CIMSA 

MSA20, SSOP 

ADC12138C1N 

N28B, 

Dual-ln-Line 

ADC12138CIWM 

M28B 

ADC12138CIMSA 

MSA28, SSOP 


TL/H/12079-3 


2 
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ADC12130/ADC12132/ADC12138 


6.5V 

-0.3V to V+ +0.3V 

GND -5VtoV+ +5V 
300 mV 
±30 mA 
±120 mA 

500 mW 

1500V 

260°C 


Operating Ratings (Notes i & 2) 

Operating Temperature Range Tmin ^ Ta ^ Tmax 

ADC12130CIN, ADC12130CIWM, 

ADC12132CIMSA, ADC12138CIMSA, 
ADC12138CIN,ADC12138C1WM -40"C ^ Ta ^ +85"C 
Supply Voltage (V+ = Va+ = Vd+) 

|Va+ -Vd+I 
Vref"^ 

VreF~ 

VrefCVreF"^ - Vref") 

Vref Common Mode Voltage Range 
(Vref'^ + Vref~) 


+ 3.0V to +5.5V 
^ 100 mV 
OV to Va"*" 
ov to Vref"*" 

1VtoVA+ 


Absoiute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Positive Supply Voltage 

(V+ == Va+ = Vd+) 

Voltage at Inputs and Outputs 
except CH0-CH7 and COM 
Voltage at Analog Inputs 
CH0-CH7 and COM 
|Va+ - Vd+I 

Input Current at Any Pin (Note 3) 

Package Input Current (Note 3) 

Package Dissipation at 
Ta = 25‘’C (Note 4) 

ESD Susceptability (Note 5) 

Human Body Model 
Soldering Information 
N Packages (10 seconds) 

SO Package (Note 6); 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220‘*C 

Storage T emperature - OS^C to + 1 SO^C 

Converter Eiectricai Characteristics 

The following specifications apply for (V+ = Va+ = Vd+ = +5V, Vref+ = + 4.096V, and fully differential input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = 3.3V, Vref+ = 2.5V and fully-differential Input with fixed 1.250V 
common-mode voltage), Vref" OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref" ^nd 
Vref+ ^ 25ft, fcK = ^SK = 5 MHz, and 10 (Iqk) acquisition time unless otherwise specified. Boldfade limits apply for 
= Tj = Tmiii to TmaxI other limits Ta = Tj = 25®C. (Notes 7, 8 and 9) 


A/DIN1, A/DIN2, MUXOUT1 
and MUXOUT2 Voltage Range 
A/D IN Common Mode Voltage Range 
(V|N+ + V|N") 


0.1 Va+ to0.6VA+ 

0VtoVA + 

OV to Va+ 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS 


Resolution 


! 

12 + sign 

Bits (min) 

+ ILE 

Positive Integral Linearity Error 

After Auto-Cal (Notes 12, 18) 

±1/2 

±2 

LSB (max) 

-ILE 

Negative Integral Linearity Error 

After Auto-Cal (Notes 1 2, 1 8) 

±1/2 

±2 

LSB (max) 

DNL 

Differential Non-Linearity 

After Auto-Cal 


±1.5 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 8) 

±1/2 

±3.0 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Notes 1 2, 1 8) 

±1/2 

±3.0 

LSB (max) 


Offset Error 

After Auto-Cal (Notes 5, 18) 
V|n(+) = V|n(-) = 2.048V 

±1/2 

±2 

LSB (max) 


DC Common Mode Error 

After Auto-Cal (Note 15) 

±2 


LSB (max) 

TUE 

Total Unadjusted Error 

After Auto-Cal 
(Notes 12, 13 and 14) 

±1 
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Converter Electrical Characteristics 

The following specifications apply for (V + = Va+ = Vd+ = +5V, Vref"^ ^ + 4.096V, and fully differential input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = 3.3V, Vref"^ = 4 - 2.5V and fully-differential input with fixed 1 .250V 
common-mode voltage), Vref~ = OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref“ and 
Vref"^ ^ 250, fcK = fsK ^ 5 MHz, and 10 (Ick) acquisition time unless otherwise specified. Boldfade limits apply for Ta 
= T j = Tmiii to Tmaxi all other limits Ta = Tj = 25°C. (Notes 7, 8 and 9) (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

STATIC CONVERTER CHARACTERISTICS (Continued) 


Multiplexer Channel to Channel 
Matching 


±0.05 


LSB 


Power Supply Sensitivity 

V+ = +5V ±10% 

Vref = + 4.096V 





Offset Error 


±0.5 


LSB 


+ Full-Scale Error 


±0.5 


LSB 


- Full-Scale Error 


±0.5 


LSB 


+ Integral Linearity Error 


±0.5 


LSB 


- Integral Linearity Error 


±0.5 


LSB 


UNIPOLAR DYNAMIC CONVERTER CHARACTERISTICS 


S/(N + D) 

Signal-to-Noise Plus 

f|N 1 kHz, V|jvj = 5Vpp, Vref^ “ 5.0V 

69.4 


dB 


Distortion Ratio 

f|N = 20 kHz, V|N = 5 Vpp, Vref+ = 5.0V 

68.3 


dB 



f|N = 40 kHz, V|N = 5 Vpp, Vref+ = 5.0V 

65.7 


dB 


-3 dB Full Power Bandwidth 

V|N = 5 Vpp, where S/(N + D) drops 3 dB 

31 


kHz 


DIFFERENTIAL DYNAMIC CONVERTER CHARACTERISTICS 


S/(N + D) 

Signal-to-Noise Plus 

f|N = 1 kHz.V|N = ±5 V,Vref+ = 5.0V 

77.0 


dB 


Distortion Ratio 

flN = 20 kHz, V|N = ±5V, Vref+ = 5.0V 

73.9 


dB 



f|N = 40kHz,ViN = ±5V, Vref+ = 5.0V 

67.0 


dB 


-3 dB Full Power Bandwidth 

V|N = ± 5V, where S/(N + D) drops 3 dB 

40 


kHz 
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ADC12130/ADC12132/ADC12138 


Electrical Characteristics 

The following specifications apply for (V+ = Va+ = Vo+ = +5V, Vref"^ = + 4.096V, and fully differential input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = +3.3V, Vref^ = 2.5V and fully-differential input with fixed 1.250V 
common-mode voltage), Vref“ = OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref“ and 
Vref+ ^ 25ft, fcK = fsK = 5 MHz, and 10 (tcK) acquisition time unless otherwise specified. Boldfade limits apply for Ta 


= Tj = Tmiii to Tmaxi all other limits Ta = Tj = 25“C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 


REFERENCE INPUT, ANALOG INPUTS AND MULTIPLEXER CHARACTERISTICS 



Reference Input Capacitance 


85 


PF 

Ca/d 

A/DIN1 and A/DIN2 Analog Input 
Capacitance 


75 




A/DIN1 and A/DIN2 Analog Input 
Leakage Current 

V|N = + 5.0V or 

V,N = OV 

±0.1 


jmA 


CH0-CH7 and COM Input Voltage 


GND - 0.05 
Va+ + 0.05 


V 

CcH 

CH0-CH7 and COM Input Capacitance 


10 


pF 

Cmuxout 

MUX Output Capacitance 


20 


pF 


Off Channel Leakage (Note 1 6) 
CH0-CH7 and COM Pins 

On Channel = 5V and 

Off Channel = OV 

-0.01 


jaA 

On Channel = OV and 

Off Channel = 5V 

0.01 


jllA 


On Channel Leakage (Note 16) 
CH0-CH7 and COM Pins 

On Channel = 5V and 

Off Channel = OV 

0.01 


/xA 

On Channel = OV and 

Off Channel = 5V 

-0.01 


jllA 


MUXOUT1 and MUXOUT2 

Leakage Current 

Vmuxout = 5.0V or 
Vmuxout = OV 

0.01 


fiA 

Ron 

MUX On Resistance 

V|N = 2.5V and 

Vmuxout = 2.4V 

850 

1900 

ft (max) 


Ron Matching Channel to Channel 

V|N = 2.5V and 

Vmuxout = 2.4V 

5 


% 


Channel to Channel Crosstalk 

V|N = 5 Vpp, f|N = 40 kHz 

-72 


dB 


MUX Bandwidth 


90 


kHz 
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DC and Logic Electrical Characteristics 

The following specifications apply for (V+ = Va+ = Vd+ = +5V, Vref"^ = + 4.096V, and fully-differential input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = +3.3V, Vref”^ = +2.5V and fully-differential Input with fixed 
1.250V common-mode voltage), Vref“ = OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref~ 
and Vref"*" ^ 25 fl, fcK = ^SK = 5 MHz, and 10 (Ick) acquisition time unless othenA/ise specified. Boldfade limits apply for 

Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. (Notes 7, 8 and 9) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

V+ = Va+ = 

Vd+ = 3.3 V 

V+ = Va+ = 

Vd+ = sv 

Units 

(Limits) 

Limits 
(Note 11) 

Limits 
(Note 11) 

CCLK, CS, CONV, Dl, PD AND SCLK INPUT CHARACTERISTICS 

V|N(1) 

Logical “1” Input 
Voltage 

Va+ = Vd+ = v+ + 10 % 


2.0 

2.0 

V (min) 

V|N(0) 

Logical “0” Input 
Voltage 

Va+ = Vd+ = v+ -10% 


0.8 

0.8 

V (max) 

l|N(1) 

Logical “1” Input 
Current 

+ 

> 

II 

z 

> 

0.005 

1.0 

1.0 

fiA (max) 

l|N(0) 

Logical “0” Input 
Current 

> 

o 

II 

z 

> 

-0.005 

-1.0 

-1.0 

jllA (min) 

DO, EOC AND DOR DIGITAL OUTPUT CHARACTERISTICS 

VoUT( 1 ) 

Logical “1” 

Output Voltage 

Va+ = Vd+ = V+ - 10%, 
loUT “ -360 jliA 


2.4 

2.4 

V (min) 

Va+ = Vd+ = V+ - 10%, 

Iqut = -10 /xA 


2.9 

4.25 

V (min) 

VOUT(O) 

Logical “0” 

Output Voltage 

Va+ = Vd+ = V+ - 10% 
loUT =1-6 mA 


0.4 

0.4 

V (max) 

Iqut 

TRI-STATE 

Output Current 

VoUT = OV 

VoUT = V + 

-0.1 

-0.1 

-3.0 

3.0 

-3.0 

3.0 

jliA (max) 

+ lsc 

Output Short 
Circuit Source 
Current 

Vqut — OV 

-14 



mA 

-isc 

Output Short 
Circuit Sink 

Current 

VoUT = Vd + 

16 



mA 

POWER SUPPLY CHARACTERISTICS 

Id"^ 

Digital Supply 
Current 

CS = HIGH, Powered Down, CCLK on 
^ = HIGH, Powered Down, CCLK off 

600 

20 

1.5 

2.5 

mA (max) 
juiA 
juiA 

Ia+ 

Positive Analog 
Supply Current 

CS = HIGH, Powered Down, CCLK on 
CS = HIGH, Powered Down, CCLK off 

10 

0.1 

3.0 

4.0 

mA (max) 

fiA 

jjlA 

Iref 

Reference Input 
Current 

CS = HIGH, Powered Down, CCLK on 
CS = HIGH, Powered Down, CCLK off 

70 

0.1 



jxA 

fiA 
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AC Electrical Characteristics 

The following specifications apply for (V+ = Va"*" = Vd+ = +5V, Vref"^ = + 4.096V, and fully-differential Input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = +3.3V, Vref"^ = +2.5V and fully-differential Input with fixed 
1.250V common-mode voltage), Vref“ = OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref" 
and Vref'*' ^ 25n, fcK = ^SK = ^ MHz, and 10 (tcK) acquisition time unless otherwise specified. Boldface limits apply for 


Ta = Tj 

= Tmim to Tmaxi ail Other limits Ta = Tj = 

25“C. (Note 17) 




Symbol 

Parameter 

Conditions 

Typical 

Limits 

Units 

(Note 10) 

(Note 11) 

(Limits) 

^CK 

Conversion Clock 


10 

5 

MHz (max) 


(CCLK) Frequency 


1 


MHz (min) 

^SK 

Serial Data Clock 


10 


MHz (max) 


SCLK Frequency 


0 


Hz (min) 


Conversion Clock 




% (min) 


Duty Cycle 




% (max) 


Serial Data Clock 



40 

% (min) 


Duty Cycle 



60 

% (max) 

tc 

Conversion Time 

12-Bit + Signor 12-Bit 

44(tcK) 


(max) 





8.8 

fis (max) 

tA 

Acquisition Time 

6 Cycles Programmed 



(min) 


(Note 19) 




(max) 






jas (min) 






jLLS (max) 



10 Cycles Programmed 

10(tcK) 

lO(tcK) 






11(tCK) 






2.0 

jms (min) 





2.2 

juis (max) 



18 Cycles Programmed 

18(tcK) 

18(tcK) 

(min) 





19(tCK) 

(max) 





3.6 

juls (min) 





3.8 

/xs (max) 



34 Cycles Programmed 

34(tcK) 





















tCAL 

Self-Calibration Time 


4944(tcK) 

4944(tcK) 

(max) 





988.8 


Uz 

Auto-Zero Time 









15.2 


tSYNC 

Self-Calibration or 




■mm 


Auto-Zero Synchronization 






Time from DOR 



0.40 



. 



0.60 



DOR High Time when ^ is Low 


9(tSK) 

9(tSK) 



Continuously for Read Data and Software 
Power Up/Down 



1.8 

mBi 

toNV 

CONV Valid Data Time 


8(tSK) 


(max) 





1.6 
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AC Electrical Characteristics 

The following specifications apply for (V+ = Va+ = Vd+ = +5V, Vref"^ = + 4.096V, and fully-differential input with fixed 
2.048V common-mode voltage) or (V+ = Va+ = Vd+ = +3.3V, Vref"^ = +2.5V and fully-differential input with fixed 
1.250V common-mode voltage), Vref~ = OV, 12-bit + sign conversion mode, source impedance for analog inputs, Vref“ 
and Vref"^ ^ 25ft, fcK = fsK = 5 MHz, and 10 (Ick) acquisition time unless otherwise specified. Boldface limits apply for 
Tj = Tium to TmaxS other limits T^ = Tj = 25°C. (Note 17) (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limits) 

fHPU 

Hardware Power-Up Time, Time from 

PD Falling Edge to EOC Rising Edge 


500 

700 

jLts (max) 

tSPU 

Software Power-Up Time, Time from 
Serial Data Clock Falling Edge to 

EOC Rising Edge 


500 

700 

jjLS (max) 

tACC 

Access Time Delay from 

CS Falling Edge to DO Data Valid 


25 

60 

ns (max) 

tSET-UP 

Set-Up Time of CS Falling Edge to 

Serial Data Clock Rising Edge 



50 

ns (min) 

tOELAY 

Delay from SCLK Falling 

Edge to CS Falling Edge 

imuifi 

0 

5 

ns (min) 

tiH.tOH 

Delay from CS Rising Edge to 

DO TRI-STATE® 

Rl = 3k,CL= 100 pF 

70 

100 

ns (max) 

tHDI 

Dl Hold Time from Serial Data 

Clock Rising Edge 


5 

15 

ns (min) 

tSDI 

Dl Set-Up Time from Serial Data 

Clock Rising Edge 


5 

10 

ns (min) 

tHDO 

DO Hold Time from Serial Data 

Clock Falling Edge 

Rl = 3k, Cl = 100 pF 

35 

65 

5 

ns (max) 
ns (min) 

tODO 

Delay from Serial Data Clock 

Falling Edge to DO Data Valid 


50 

90 

ns (max) 

tpDO 

DO Rise Time, TRI-STATE to High 

DO Rise Time, Low to High 

Rl = 3k, Cl = 100 pF 

10 

10 

40 

40 

ns (max) 
ns (max) 

tpDO 

DO Fall Time, TRI-STATE to Low 

DO Fall Time, High to Low 

Rl = 3k. Cl = 100 pF 

15 

15 

40 

40 

ns (max) 
ns (max) 

tCD 

Delay from ^ Falling Edge 
to DOR Falling Edge 


45 

80 

ns (max) 

tsD 

Delay from Serial Data Clock Falling 
Edge to DOR Rising Edge 


45 

80 

ns (max) 

C|N 

Capacitance of Logic Inputs 


10 


pF 

Gout 

Capacitance of Logic Outputs 


20 


PF 
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AC Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supplies (Vin < GND or Vj^ > Va+ or Vd+), the current at that pin should be limited to 30 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax, 0 ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = ISO^C. The typical thermal resistance (©ja) of these parts when board mounted follow: 


Part Number 


Thermal 

Resistance 



Note 5: The human body model is a 100 pF capacitor discharged through a 1.5 kn resistor into each pin. 

Note 6: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any post 1986 National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above Va+ or 5V below GND 
will not damage this device. However, errors in the A/D conversion can occur (if these diodes are forward biased by more than 50 mV) if the input voltage 
magnitude of selected or unselected analog input go above Va"** or below GND by more than 50 mV. As an example, if Va"*" is 4.5 Vdc. full-scale input voltage 
must be ^4.55 Vdc fo ensure accurate conversions. 

V,+ 



TO INTERNAL 
CIRCUITRY 


TL/H/1 2079-4 

Note 8: To guarantee accuracy, it is required that the Va+ and Vd+ be connected together to the same power supply with separate bypass capacitors at each V+ 
pin. 

Note 9: With the test condition for Vref (Vref+ “ Vref“) given as +4.096V, the 12-bit LSB is 1.0 mV. For Vref = 2.5V, the 12-bit LSB is 610 jitV. 

Note 10: Typicals are at Tj = Ta = 25“C and represent most likely parametric norm. 

Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error, the straight line passes through negative full-scale and zero (see Figures 1b and 1c). 

Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the average value of the code transitions 
between - 1 to 0 and 0 to -f- 1 (see Figure 2). 

Note 14: Total unadjusted error includes offset, full-scale, linearity and multiplexer errors. 

Note 15: The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels shorted together. 
Note 16: Channel leakage current is measured after the channel selection. 

Note 17: Timing specifications are tested at the TTL logic levels, Vql = 0.4V for a falling edge and Vql = 2.4V for a rising edge. TRI-STATE output voltage is 
forced to 1 .4V. 

Note 18: The ADC12130 family’s self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration process will 
result in a maximum repeatability uncertainty of 0.2 LSB. 

Note 19: If SCLK and CCLK are driven from the same clock source, then tA is 6, 10, 18 or 34 clock periods minimum and maximum. 

Note 20: The “12-Bit Conversion of Offset” and “12-Bit Conversion of Full-Scale” modes are intended to test the functionality of the device. Therefore, the output 
data from these modes are not an indication of the accuracy of a conversion result. 
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AC Electrical Characteristics (Continued) 




(from -4096 to +4095) 

TL/H/12079-6 

FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Calibration or Auto-Zero Cycles 
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AC Electrical Characteristics (Continued) 


+ ,lsb4- offset 

1 ERROR 


-4096 

NEGATIVE ”1 ^ 

X NEGATIVE 

-1 LSB 

FULL-SCALE T 

\ INTEGRAL 


ERROR 

^LINEARITY 

ERROR 

-2LSB 



-3 LSB 


POSITIVE 
INTEGRAL 
LINEARITY > 
ERROR 


OUTPUT CODE 
(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Calibration Cycle 


POSITIVE 

FULL-SCALE 

ERROR 



ANALOG INPUT VOLTAGE (V|n) 

FIGURE 2. Offset or Zero Error Voltage 
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Typical Performance Characteristics 

The following curves apply for 1 2-bit + sign mode after auto-callbration unless otherwise specified. 


Linearity Error Change 



0 123456789 10 

CONVERSION CLOCK FREQUENCY (MHz) 


Linearity Error Change 



-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (®C) 


Linearity Error Change 



0 12 3 4 5 

REFERENCE VOLTAGE (V) 


Linearity Error Change 
vs Supply Voltage 



Full-Scale Error Change 



CONVERSION CLOCK FREQUENCY (MHz) 


Full-Scale Error Change 



1.0 ' — ' — — 

-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (°C) 


Full-Scale Error Change 
vs Reference Voltage 



0 1 2 3 4 5 


VreP* REFERENCE VOLTAGE (V) 


Full-Scale Error Change 



4.50 4.75 5.00 5.25 5.50 

SUPPLY VOLTAGE (V) 


Zero Error Change 



0 123456789 10 

CONVERSION CLOCK FREQUENCY (MHz) 


Zero Error Change 
vs Temperature 



TEMPERATURE (*0 


Zero Error Change 
vs Reference Voltage 



0 1 2 3 4 5 

Vrep* reference VOLTAGE (V) 


Zero Error Change 



4.50 4.75 5.00 5.25 5.50 

SUPPLY VOLTAGE (V) 

TL/H/1 2079-9 
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Typical Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. (Continued) 


Analog Supply Current 
vs Temperature 



-60-40 -20 0 20 40 60' 80 100120140 
TEMPERATURE (OC) 


Digital Supply Current 
vs Clock Frequency 
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Digital Supply Current 
vs Temperature 
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Typical Dynamic Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 


Bipolar Spectral Response 
with 1 kHz Sine Wave Input 
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Typical Dynamic Performance Characteristics 

The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. (Continued) 


Bipolar Spurious Free 
Dynamic Range 
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Test Circuits 


DO “TRI-STATE” <tiH,toH) 

' TEST POINT 


Rl 5.0V 


DO except “TRI-STATE” 

5.0V 

TEST POINT <j> 

T MMD7000 1 

or Equivalent < 2.2k 



MMD7000 
or Equivalent 


Leakage Current 


'on 

ADC12138 


CHO(ON) 

'off 

J®- 

CHI (OFF) 

puo/nrr^ 

• > • 

• • 

• • 

■ 

unZ^Ur ry 

• 

• 

CH7(OFF) 



Timing Diagrams 


DO Failing and Rising Edge 

Vdo-H h- "H h“^Do 


DO “TRI-STATE” Falling and Rising Edge 

"H H“^do 


DO 

0.4V - 


DO 1.4V —TRI-STATE - 


Dl Data Input Timing 


» nji_rLriJT_n_ 

^DELAY-*-| h-l , 1 


;x=oc 
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Timing Diagrams (Continued) 


ADC12138 Read Data without Starting a Conversion Using CS 


sclk nj~Ljnjn_JTjn_jiJ*ij~ijnjnjnjnjTj~L_ 



EOC 


TL/H/12079-22 


ADC 121 38 Read Data without Starting a Conversion with CS Continuousiy Low 





EOC 


TL/H/1 2079-23 
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Timing Diagrams (Continued) 


ADC12138 Software Power Up/Down Using CS with 16-Bit Digitai Output Format 


Power Down 
or Power Up 




0 2 4 6 


10 12 15 


SCLK 


CONV 


uuuuum uinnnnnMrinjiAfinj^ 

I I I I I I I I I I I I I I I I I I I I 1 I 





DOR 


Power 

Down 

EOC 

Power 

Up 

EOC 


J 


TL/H/12079-26 


ADC12138 Software Power Up/Down with CS Continuously Low and 16-Bit Digital Output Format 



TL/H/12079-27 
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Timing Diagrams (Continued) 



Note: Hardware power up/down may occur at any time. If PO is high while a conversion is in progress that conversion will be corrupted and erroneous data will be 
stored in the output shift register. 


ADC12138 Configuration Modification— Exampie of a Status Read 





Pin Descriptions 

CCLK The clock applied to this input controls the suces- 
sive approximation conversion time interval and 
the acquisition time. The rise and fall times of the 
clock edges should not exceed 1 /ms. 

SCLK This is the serial data clock input. The clock ap- 
plied to this input controls the rate at which the 
serial data exchange occurs. The rising edge 
loads the information on the Dl pin into the multi- 
plexer address and mode select shift register. 
This address controls which channel of the ana- 
log input multiplexer (MUX) is selected and the 
mode of operation for the A/D. With CS low, the 
falling edge of SCLK shifts the data resulting from 
the previous ADC conversion out on DO, with the 
exception of the first bit of data. When CS is low 
continuously, the first bit of the data is clocked 
out on the rising edge of EOC (end of conver- 
sion). When ^ is toggled, the falling edge of CS 
always clocks out the first bit of data. CS should 
be brought low when SCLK is low. The rise and 
fall times of the clock edges should not exceed 
1 jas. 

Dl This is the serial data input pin. The data applied 
to this pin is shifted by the rising edge of SCLK 
into the multiplexer address and mode select reg- 
ister. Tables II through IV show the assignment of 
the multiplexer address and the mode select 
data. 

DO The data output pin. This pin is an active push/ 
pull output when CS is low. When CS is high, this 
output is TRI-STATE. The A/D conversion result 
(DB0-DB12) and converter status data are 
clocked out by the falling edge of SCLK on this 
pin. The word length and format of this result can 
vary (see Table I). The word length and format 
are controlled by the data shifted into the multi- 
plexer address and mode select register (see Ta- 
ble IV). 

EOC This pin is an active push/pull output and indi- 
cates the status of the ADC1 21 30/2/8. When 
low, it signals that the A/D is busy with a conver- 
sion, auto-calibration, auto-zero or power down 
cycle. The rising edge of EOC signals the end of 
one of these cycles. 

CS This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SCLK shifts 
the data on Dl into the address register. This low 
also brings DO out of TRI-STATE. With ^ low, 
the falling edge of SCLK shifts the data resulting 
from the previous ADC conversion out on DO, 
with the exception of the first bit of data. When 
CS is low continuously, the first bit of the data is 
clocked out on the rising edge of EOC (end of 
con^rsion). When CS is toggled, the falling edge 
of CS always clocks out the first bit of data. CS 
should be brought low when SCLK is low. The 
falling edge of CS resets a conversion in progress 
and starts the sequence for a new conversion. 
When US is brought back low during a conver- 
sion, that conversion is prematurely terminated. 
The data in the output latches may be corrupted. 
Therefore, when US is brought back low during a 
conversion in progress the data output at that 


time should be ignored. CS may also be left 
continuously low. In this case it is imperative 
that the correct number of SCLK pulses be ap- 
plied to the ADC in order to remain synchro- 
nous. After the ADC supply power is applied it 
expects to see 13 clock pulses for each I/O 
sequence. The number of clock pulses the ADC 
expects is the same as the digital output word 
length. This word length can be modified by the 
data shifted in on the DO pin. Table IV details 
the data required. 

DOR This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 

CONV A logic low is required on this pin to program 
any mode or change the ADC’s configuration as 
listed in the Mode Programming Table (Table 
IV) such as 12-bit conversion. Auto Cal, Auto 
Zero etc. When this pin is high the ADC is 
placed in the read data only mode. While in the 
read data only mode, bringing CS low and puls- 
ing SCLK will only clock out on DO any data 
stored In the ADCs output shift register. The 
data on Dl will be neglected. A new conversion 
will not be started and the ADC will remain In 
the mode and/or configuration previously pro- 
grammed. Read data only cannot be performed 
while a conversion, Auto-Cal or Auto-Zero are 
in progress. 

PD This is the power down pin. When PD Is high 

the A/D is powered down; when PD is low the 
A/D is powered up. The A/D takes a maximum 
of 700 jas to power up after the command is 
given. 

CH0-CH7 These are the analog inputs of the MUX. A 
channel Input is selected by the address infor- 
mation at the Dl pin, which Is loaded on the 
rising edge of SCLK Into the address register 
(see Tables II and III). 

The voltage applied to these inputs should not 
exceed Va+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 

COM This pin Is another analog input pin. It is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 

MUXOUT1, These are the multiplexer output pins. 

MUXOUT2 

A/DIN1, These are the converter input pins. MUXOUT1 

A/DIN2 is usually tied to A/DIN1. MUXOUT2 is usually 
tied to A/DIN2. If external circuitry Is placed be- 
tween MUXOUT1 and A/DIN1, or MUXOUT2 
and A/D1N2 it may be necessary to protect 
these pins. The voltage at these pins should not 
exceed Va+ or go below AGND (see Figured). 

Vref'^' This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range of Vref (Vref = Vref'*' - Vref“) «s 
1 Vqc to 5.0 Vdc and the voltage at Vref"^ 
cannot exceed Va+. See Figure 4 for recom- 
mended bypassing. 
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Pin Descriptions (Continued) 

Vref~ The negative voltage reference input. In order 
to maintain accuracy, the voltage at this pin 
must not go below GND or exceed Va+. (See 
Figure 4). 

These are the analog and digital power supply 
pins. Va+ and Vd+ are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 4 ). The operating voltage range of 
Va+ Vp+ is 3.0 Vdc to 5.5 Vdc- 

DGND This is the digital ground pin (see Figure 4). 

AGND This is the analog ground pin (see Figure 4 ). 


From 

external 

'circuitry 


250n I 250n 
AiN914 


To ADC pin 


TL/H/1 2079-30 

FIGURE 3. Protecting the MUXOUT1, MUXOUT2, 
A/DIN1 and A/DIN2 Analog Pins 



V+ 

Assigned 
(+) INPUT 


Assigned 

ADC 

(-) INPUT 



%F“ 

DGND 

AGND 


jo. oi fi V |0. 1 mF jlO AtF* 

XII 


|o. oi jo- i /xr |io mf* 

III 


|0. 01 At F jo. l fiV jl0 AiF* 

II I 


Analog 
Input , 
Voltage ^ 
Ground 
Reference 


•Tantalum 

•Monolithic Ceramic or better 


FIGURE 4. Recommended Power Supply Bypassing and Grounding 


2-534 



Tables 


TABLE I. Data Out Formats 


DO Formats 

DBO 

DB1 

DB2 

DB3 

DB4 

DBS 

DB6 

DB7 

DBS 

DB9 

DB10 

DB11 

DB12 

DB13 

DB14 

DB15 

DB16 

with 

Sign 

MSB 

First 

17 

Bits 

X 

X 

X 

X 

Sign 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 

13 

Bits 

Sign 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 





LSB 

First 

17 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

Sign 

X 

X 

X 

X 


LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

Sign 







i 

0 

0 

0 

0 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 


i 

MSB 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSB 








LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 

0 

0 

0 

0 


12 

Bits 

LSB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MSB 







X = High or Low state. 


TABLE II. ADC12138 Multiplexer Addressing 








Analog Channel Addressed 


A/D Input 
Polarity 
Assignment 

Multiplexer 



MUX 





and Assignment 



Output 



Address 




with A/DIN1 tied to MUXOUT1 


Channel 

Mode 







and A/DIN2 tied to MUXOUT2 


Assignment 


DIO 

Dll 

Di2 

DI3 

CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CHS 

CH7 

COM 

A/DIN1 

A/DIN2 

MUXOUT1 

MUXOUT2 


L 

L 

L 

L 

+ 

- 








+ 

- 

CHO 

CHI 


L 

L 

L 

H 



4- 

- 






+ 

- 

CH2 

CH3 


L 

L 

H 

L 





+ 

- 




+ 

- 

CH4 

CHS 


L 

L 

H 

H 

H 







+ 

- 


+ 

- 

CH6 

CH7 

Differential 

L 

L 

L 

— 

+ 








— 


CHO 

CHI 

L 

H 

L 

H 




+ 






- 

+ 

CH2 

CH3 


L 

H 

H 

L 





- 

+ 




- 

+ 

CH4 

CHS 


L 

H 

H 

H 







- 

+ 


- 

+ 

CHS 

CH7 


H 

L 

L 

L 

+ 








- 

+ 

- 

CHO 

COM 


H 

L 

L 

H 



+ 






- 

+ 

- 

CH2 

COM 


H 

L 

H 

L 





+ 




- 

+ 

- 

CH4 

COM 


H 

L 

H 

H 







+ 


_ 

+ 

_ 

CHS 

COM 

Single-Ended 

H 


L 

L 









- 

+ 

- 

CHI 

COM 

H 


L 

H 









- 

+ 

- 

CH3 

COM 


H 


H 

L 






+ 



- 


- 

CHS 

COM 


H 


H 

H 








+ 

- 

+ 

- 

CH7 

COM 
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Tables (Continued) 

TABLE III. ADC12130 and ADC12132 Multiplexer Addressing 




Analog Channel Addressed 

A/D Input 
Polarity 
Assignment 

Muitipiexer 


MUX 

and Assignment 

Output 


Address 

with A/DIN1 tied to MUXOUT1 

Channel 

Mode 



and A/DIN2 tied to MUXOUT2 

Assignment 


DiO 

Dll 

CHO 

CHI 

COM 

A/DIN1 

A/DiN2 

MUXpUTI 

MUXOUT2 


L 

L 

H 

+ 

- 



- 

CHO 

CHI 

Differential 

L 

— 

+ 


— 


CHO 

CH1 

H 

L . 

+ 




+ 



CHO 

COM 

Single-Ended 

H 

H 


+ 

- 

+ 

- 

CH1 

COM 


Note: ADC12130 do not have A/DIN1, A/DIN2, MUXOUT1 and MUXOUT2 pins. 

TABLE iV. Mode Programming 


ADC12138 

DIO 

Dll 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 

Mode Selected 
(Current) 

DO Format 
(next Conversion 
Cycle) 

ADC12130 

and 

ADC12132 

DIO 

Dll 



DI2 

DI3 

DI4 

DI5 


See Tables II or III 

L 

L 

L 

L 

1 2 Bit Conversion 

12 or 13 Bit MSB First 

See Tables II or III 

L 

L 

L 

H 

1 2 Bit Conversion 

16 or 17 Bit MSB First 

See Tables II or III 

L 

H 

L 

L 

12 Bit Conversion 

12 or 13 Bit LSB First 

See Tables II or III 

L 

H 

L 

H 

12 Byconversion 

16 or 17 Bit LSB First 

L 

L 

L 

L 

H 

L 

L 

L 

Auto Cal 

No Change 

L 

L 

L 

L 

H 

L 

L 

H 

Auto Zero 

No Change 

L 

L 

L 

L 

H 

L 

H 

L 

Power Up 

No Change 

L 

L 

L 

L 

H 

L 

H 

H 

Power Down 

No Change 

L 

L 

L 

L 

H 

H 

L 

L 

Read Status Register (LSB First) 

No Change 

L 

L 

L 

L 

H 

H 

L 

H 

Data Out without Sign 

No Change 

H 

L 

L 

L 

H 

H 

L 

H 

Data Out with Sign 

Nb Change 

L 

L 

L , 

L 

H 

H 

H 

L 

Acquisition Time — 6 CCLK Cycles 

No Change 

L 

H 

L 

L 

H 

H 

H 

L 

Acquisition Time — 1 0 CCLK Cycles 

No Change 

H 

L 

L 

L 

H 

H 

H 

L 

Acquisition Time — 1 8 CCLK Cycles 

No Change 

H 

H 

L 

L 

H 

H 

H 

L 

Acquisition Time — 34 CCLK Cycles 

No Change 

L 

L 

L 

L 

H 

H 

H 

H 

User Mode 

No Change 

H 

X 

X 

X 

H 

H 

H 

H 

Test Mode 

(CHI -CH7 become Active Outputs) 

No Change 


Note: The A/D powers up with no Auto Cal, no Auto Zero, 10 CCLK acquisition time, 12-bit + sign conversion, power up, 12- or 13-bit MSB First, and user mode. 
X = Don’t Care 


TABLE V. Conversion/Read Data Only Mode Programming 


CS 

CONV 

PD 

Mode 

L 

L 

L 

See Table IV for Mode 

L 

H 

L 

Read Only (Previous DO Format). No Conversion. 

H 

X 

L 

Idle 

X 

X 

H 

Power Down 


X = Don’t Care 
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Tables (Continued) 


TABLE VI. Status Register 


Status Bit 

Location 



DB2 


DB4 





Status Bit 

PU 

PD 

Cal 


12 or 13 

16 or 17 

Sign 

Justification 

Test Mode 


Device Status 

DO Output Format Status 

Function 

“High” 
indicates a 
Power Up 
Sequence is 
in progress 

“High” 
indicates a 
Power Down 
Sequence is 
in progress 

“High” 
indicates an 
Auto-Cal 
Sequence is 
in progress 

Not used 

“High” 

indicates a 12 
or 13 bit 
format 

“High” 

indicates a 1 6 
or 17 bit 
format 

“High” 
indicates that 
the sign bit is 
included. 
When “Low” 
the sign bit is 
not included. 

When “High” 
the 

conversion 
result will be 
output MSB 
first. When 
“Low” the 
result will be 
output LSB 
first. 

When “High” 
the device is 
in test mode. 
When "Low” 
the device is 
in user mode. 


Application Hints 

1.0 DIGITAL INTERFACE 

1.1 Interface Concepts 

The example in Figure 5 shows a typical sequence of 
events after the power is applied to the ADC1 21 30/2/8: 


1 ^Ca\° [— Status^— ^Read Status^— ^ 

1 2-Bit+Sign 
Conv 1 

H 

1 2-Bit+Sign 
Conv 2 


EEEEEl— 

TL/H/ 12079-32 

FIGURE 5. Typical Power Supply Power Up Sequence 

The first instruction input to the A/D via Dl initiates Auto Cal. 
The data output on DO at that time Is meaningless and is 
completely random. To determine whether the Auto Cal has 
been completed, a read status instruction is issued to the 
A/D. Again the data output at that time has no significance 
since the Auto Cal procedure modifies the data in the output 
shift register. To retrieve the status information, an addition- 
al read status instruction is issued to the A/D. At this time 
the status data is available on DO. If the Cal signal in the 
status word, is low Auto Cal has been completed. There- 
fore, the next instruction issued can start a conversion. The 
data output at this time is again status information. To keep 
noise from corrupting the A/D conversion, status can not be 
read during a conversion. If CS is strobed and is brought low 
during a conversion, that conversion is prematurely ended. 
EOC can be used to determine the end of a conversion or 
the A/D controller can keep track in software of when it 
would be appropriate to comnmunicate to the A/D again. 
Once it has been determined that the A/D has completed a 
conversion, another instruction can be transmitted to the 
A/D. The data from this conversion can be accessed when 
the next instruction is issued to the A/D. 

Note, when ^ is low continuously it is important to transmit 
the exact number of SCLK cycles, as shown in the timing 
diagrams. The Data Out Format sets the number of SCLK 
cycles required In the next I/O cycle. A 12-bit no sign format 
will require 12 SCLKs to be transmitted; a 12-bit plus sign 
format will require 13 SCLKs to be transmitted, etc. Not do- 
ing so will desynchronize the serial communication to the 
A/D. (See Section 1.3.) 


0 jjrosh J 


Status Data 
(Cal low) 


1.2 Changing Configuration 

The configuration of the ADC1 21 30/2/8 on power up de- 
faults to 12-bit plus sign resolution, 12- or 13-blt MSB First, 
10 CCLK acquisition time, user mode, no Auto Cal, no Auto 
Zero, and power up mode. Changing the acquisition time 
and turning the sign bit on and off requires an 8-bit instruc- 
tion to be issued to the ADC. This instruction will not start a 
conversion. The instructions that select a multiplexer ad- 
dress and format the output data do start a conversion. Fig- 
ure 6 ^escnbes an example of changing the configuration of 
the ADC1 21 30/2/8. 

During I/O sequence 1, the instruction on Dl configures the 
ADC1 21 30/2/8 to do a conversion with 12-bit +sign reso- 
lution. Notice that when the 6 CCLK Acquisition and Data 
Out without Sign instructions are issued to the ADC, I/O 
sequences 2 and 3, a new conversion is not started. The 
data output during these instructions is from conversion N 
which was started during I/O sequence 1. The Configura- 
tion Modification timing diagram describes in detail the se- 
quence of events necessary for a Data Out without Sign, 
Data Out with Sign, or 6/10/18/34 CCLK Acquisition time 
mode selection. Table IV describes the actual data neces- 
sary to be input to the ADC to accomplish this configuration 
modification. The next instruction, shown in Figure 6, issued 
to the A/D starts conversion N + 1 with 1 6-bit format with 1 2 
bits of resolution formatted MSB first. Again the data output 
during this I/O cycle is the data from conversion N. 

The number of SCLKs applied to the A/D during any con- 
version I/O sequence should vary in accord with the data 
out word format chosen during the previous conversion I/O 
sequence. The various formats and resolutions available 
are shown In Table I. In Figure 6, since 16-bit without sign 
MSB first format was chosen during I/O sequence 4, the 
number of SCLKs required during I/O sequence 5 is 16. In 
the following I/O sequence the format changes to 12-bit 
without sign MSB first; therefore the number of SCLKs re- 
quired during, I/O sequence 6 changes accordingly to 12. 

1.3 ^ Low Continuously Considerations 

When CS is continuously low, it is important to transmit the 
exact number of SCLK pulses that the ADC expects. Not 
doing so will desynchronize the serial communications to 
the ADC. When the supply power is first applied to the ADC, 
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Application Hints (Continued) 

it will expect to see 13 SCLK pulses for each I/O transmis- 
sion. The number of SCLK pulses that the ADC expects to 
see is the same as the digital output word length. The digital 
output word length is controlled by the Data Out (DO) for- 
mat. The DO format maybe changed any time a conversion 
is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats: 


DO Format 

Number of 
SCLKs 
Expected 

12-Bit MSB or LSB First 

SIGN OFF 

12 

SIGN ON 

13 

16-Bit MSB or LSB first 

SIGN OFF 

16 

SIGN ON 

17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leaving ^ low continuously. 
The number of clock pulses required for an I/O exchange 
may be different for the case when CS is left low continu- 
ously vs the case when CS is cycled. Take the I/O se- 
quence detailed in Figure 5 (Typical Power Supply Se- 
quence) as an example. The table below lists the number of 
SCLK pulses required for each instruction: 


Instruction 

CS Low 
Continuously 

CS strobed 

Auto Cal 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

8 SCLKs 

Read Status 

13 SCLKs 

8 SCLKs 

12-Bit + Sign Conv 1 

13 SCLKs 

8 SCLKs 

12-Blt + Sign Conv 2 

13 SCLKs 

13 SCLKs 


In Figure 6 the only times when the channel configuration 
could be modified would be during I/O sequences 1, 4, 5 
and 6. Input channels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on Dl, during I/O sequence number 4 in Figure 6, 
to set CHI as the positive input and CHO as the negative 
input for the different versions of ADCs: 


Part 

Number 

Dl Data 

DIO 

Dll 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 

ADC12130 

and 

ADC12132 

L 

H 

L 

L 

H 

L 

X 

X 

ADC12138 

L 

H 

L 

L 

L 

L 

H 

L 


Where X can be a logic high (H) or low (L). 


1.5 Power Up/Down 

The ADC may be powered down at any time by taking the 
PD pin HIGH or by the instruction input on Dl (see Tables IV 
and V, and the Power Up/Down timing diagrams). When the 
ADC is powered down in this way, the circuitry necessary for 
an A/D conversion is deactivated. The circuitry necessary 
for digital I/O Is kept active. Hardware power up/down is 
controlled by the state of the PD pin. Software power-up/ 
down is controlled by the instruction issued to the ADC. If a 
software power up instruction is issued to the ADC while a 
hardware power down is in effect (PD pin high) the device 
will remain in the power-down state. If a software power 
down instruction is issued to the ADC while a hardware 
power up is in effect (PD pin low), the device will power 
down. When the device is powered down by software. It 
may be powered up by either issuing a software power up 
instruction or by taking PD pin high and then low. If the 
power down command is issued during an A/D conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied upon. 


1.4 Analog Input Channel Selection 

The data input on Dl also selects the channel configuration 
for a particular A/D conversion (see Tables ii, III and IV). 


I/O Sequence 


DO 
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FIGURE 6. Changing the ADC’s Conversion Configuration 
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1 .6 User Mode and Test Mode 

An instruction may be issued to the ADC to put it into test 
mode. Test mode is used by the manufacturer to verify com- 
plete functionality of the device. During test mode CHO- 
CH7 become active outputs. If the device is inadvertently 
put into the test mode with CS continuously low, the serial 
communications may be desynchronized. Synchronization 
may be regained by cycling the power supply voltage to the 
device. Cycling the power supply voltage will also set the 
device into user mode. If CS is used in the serial interface, 
the ADC may be queried to see what mode it is in. This is 
done by issuing a “read STATUS register’’ instruction to the 
ADC. When bit 9 of the status register is high, the ADC is in 
test mode; when bit 9 is low the ADC, is in user mode. As an 
alternative to cycling the power supply, an instruction se- 
quence may be used to return the device to user mode. This 
instruction sequence must be issued to the ADC using CS. 
The following table lists the instructions required to return 
the device to user mode: 


Instruction 

Dl Data 

DIO 

Dll 

DI2 

DI3 

DI4 

DI5 

DI6 

DI7 


TEST MODE 

H 

X 

X 

X 

H 

H 

H . 

H 

Reset 

L 

L 

L 

L 

H 

H 

H 

L 

Test Mode 

L 

L 

L 

L 

H 

L 

H 

L 

Instructions 

L 

L 

L 

L 

H 

L 

H 

H 

USER MODE 

L 

L 

L 

L 

H 

H 

H 

H 

Power Up 

L 

L 

L 

L 

H 

L 

H 

L 

Set DO with 

H 








or without 

or 

L 

L 

L 

H 

H 

L 

H 

Sign 

L 








Set 

H 

H 







Acquisition 

or 

or 

L 

L 

H 

H 

H 

L 

Time 

L 

L 







Start 

H 

H 

H 

H 


H 

H 

H 

a 

or 

or 

or 

or 

L 

or 

or 

or 

Conversion 

L 

L 

L 

L 


L 

L 

L 


X = Don't Care 


After returning to user mode with the user mode instruction 
the power up, data with or without sign, and acquisition time 
instructions need to be resent to ensure that the ADC is In 
the required state before a conversion is started. 


1.7 Reading the Data Without Starting a Conversion 

The data from a particular conversion may be accessed 
withou t starting a new conversion by ensuring that the 
CONV line is taken high during the I/O sequence. See the 
Read Data timing diagrams. Table V describes the opera- 
tion of the CONV pin. 


2.0 DESCRIPTION OF THE ANALOG MULTIPLEXER 


For the ADC12138, the analog Input multiplexer can be con- 
figured with 4 differential channels or 8 single ended chan- 
nels with the COM input as the zero reference or any combi- 
nation thereof (see Figure 7). The difference between the 
voltages on the Vref"^ and Vref" pins determines the 
input voltage span (Vref)- The analog input voltage range Is 
0 to Va+ . Negative digital output codes result when V|n~ > 
V||M+. The actual voltage at Vin" or V||m+ cannot go below 
AGND. 

8 Single-Ended Channels 
4 Differential with COM 

Channels as Zero Reference 



CHO 
ru 1 

— — — 

+(-) 

L»ri 1 

rW9 



+(— ) 

w n 0 

PLIil 


Lrn4 

PUR 

^+/ — — 

L»r1 D 

PU A 

-(+) ■ 

On 0 

CH7 















wn 0 

PHR 


L/H 0 

PU7 


On / 

rCiU 


OVJM 


TL/H/1 2079-34 

FIGURE 7 


TL/H/1 2079-35 


CHO, CH2, CH4, and CH6 can be assigned to the MUX- 
OUT1 pin in the differential configuration, while CH1, CH3, 
CH5, and CH7 can be assigned to the MUXOUT2 pin. In the 
differential configuration, the analog Inputs are paired as fol- 
lows: CHO with CH1 , CH2 with CH3, CH4 with CHS and CH6 
with CH7. The A/DIN1 and A/DIN2 pins can be assigned 
positive or negative polarity. 
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With thd single-ended multiplexer configuration CHO 
through CH7 can be assigned to the MUXOUT1 pin. The 
COM pin is always assigned to the MUXOUT2 pin. A/DIN1 
is assigned as the positve input; A/DIN2 is assigned as the 
negative Input. (See Figure 8). 


Differential Singie-Ended 

Configuration Configuration 



TL/H/12079-36 TL/H/12079-37 

A/DIN1 and A/DIN2 can be as- A/DIN1 is + input 
signed as the + or - input A/DIN2 is - input 

FIGURE 8 


The Multiplexer assignment tables for the ADC1 21 30/2/8 
(Tables II and III) summarize the aforementioned functions 
for the different versions of A/Ds. 

2.1 Biasing for Various Multiplexer Configurations 

Figure P is an example, of biasing the device for single-end- 
ed operation. The sign bit is always low. The digital output 
range is 0 0000 0000 0000 too 1111 1111 1111. One LSB 
is equal to 1 mV (4.1V/4096 LSBs). 
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For pseudo-differential signed operation, the biasing circuit 
shown in Figure 10 shows a signal AC coupled to the ADC. 
This gives a digital output range of -4096 to + 4095. With a 
2.5V reference, as shown, 1 LSB is equal to 610 \x>J. Al- 
though, the ADC is not production tested with a 2.5V refer- 
ence, when Va+ and Vd+ are +5.0V linearity error typical- 
ly will not change more than 0.1 LSB (see the curves in the 
Typical Electrical Characteristics Section). With the ADC set 


to an acquisition time of 10 clock periods, the input biasing 
resistor needs to be 600ft or less. Notice though that the 
input coupling capacitor needs to be made fairly large to 
bring down the high pass corner. Increasing the acquisition 
time to 34 clock periods (with a 5 MHz CCLK frequency) 
would allow the 600fl to increase to 6k, which with a 1 jj-F 
coupling capacitor would set the high pass corner at 26 Hz. 
Increasing R, to 6k would allow R 2 to be 2k. 


ANALOG 
INPUT 
VOLTAGE 

RANGE >-"11 

OV TO 5.0V 
(OV TO 2.5V) 

12-BITS SIGNED 

600n 

(DEPENDS ON 
ACQUISITION 
TIME) 


/\/ 


ANALOG 

INPUT 

VOLTAGE >- 
GROUND 
REFERENCE 


ASSIGNED 
(+) INPUT 

R1 

ASSIGNED 
(-) INPUT 



V 

CHO 

CHI 

CH2 


to 

CHS 

VoM 

ADC1213X 

COM 



'^REF” 

DGND 

AGND 




|o.Q1 /iFjo.l /xfIio'aF 

^ ^ ^ 

|o .01 a^fJo.I /xf|ii 



0 /iF 


XXX 


1 0.01 /jfIo.I mf|i" 

X X 


0 /iF 


> +5.0V 
(+3.3V) 


-O +2.5V 
(+1.25V) 


LM9140-2.5 

(LM4041AIZ-1.2) 


TL/H/1 2079-39 

FIGURE 10. Pseudo-Differential Biasing with the Signal Source AC Coupled Directly into the ADC 


An alternative method for biasing pseudo-differential opera- 
tion is to use the + 2.5V from the LM91 40 to bias any ampli- 
fier circuits driving the ADC as shown in Figure 11. The 
value of the resistor pull-up biasing the LM91 40-2.5 will de- 
pend upon the current required by the op amp biasing cir- 
cuitry. 

In the circuit of Figure 11 some voltage range is lost since 
the amplifier will not be able to swing to +5V and GND 


with a single + 5V supply. Using an adjustable version of the 
LM4041 to set the full scale voltage at exactly 2.048V and a 
lower grade LM4040D-2.5 to bias up everything to 2.5V as 
shown in Figure will allow the use of all the ADC’s digital 
output range of -4096 to +4095 while leaving plenty of 
head room for the amplifier. 

Fully differential operation is shown in Figure 13. One LSB 
for this case is equal to (4.1 V/4096) = 1 mV. 


ANALOG INPUT 
VOLTAGE 
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ANALOG 

Hf 


ANALOG 

INPUT 

VOLTAGE 

RANGE 

2.5V±2.048V 
12-BITS SIGNED 

/v 

^ 

ASSIGNED 


_k > ASSIGNED 
Y (-) INPUT 


LM4040D-2.5- 




CHO 


CHI 


CH2 


to 

CHS 


ADC1213X 

COM 


%F" 


DGND 

AGND 


I 0.01 fiF I 0.1 AiF I 10/xF \ 

^ ^ / 

|o .01 Jo-I 

X X X 

^ J X 

n LM4041-ADJ 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND 
REFERENCE 


FIGURE 12. Pseudo-Differential Biasing without the Loss of Digital Output Range 


ANALOG /\ 

INPUT N/ 

VOLTAGE > — 

RANGE ^ assigned 

0.45V TO 4.55V 
(0.4V TO 2.9V) 

FULLY DIFFERENTIAL 
12 -BIT PLUS SIGN 

ANALOG 
INPUT ^ 
VOLTAGE V— — 
RANGE assigned 

0.45V TO 4.55V (") 

(0.4V TO 2.9V) 


ANALOG 
INPUT 
VOLTAGE ] 
GROUND ‘ 
REFERENCE 


CHO 

CH2 

CH4 

Va+ 

or 

CH6 


ADC1213X 

CHI 

CH3 

CHS 

%F‘^ 

or 

CH7 

%F" 

DGND 

AGND 


I 0.01 ;xF I 0.1 piF I 10 /xF 

^ ^ J 

Jo.oi /zfJo.I 

XXX 


I 0.01 a^F I 0.1 axF 1 10 AiF 

X X X 


LM4040-4.1 

(LM9140BYZ-2.5) 


FIGURE 13. Fully Differential Biasing 
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3.0 REFERENCE VOLTAGE 

The difference in the voltages applied to the Vref"^ cind 
Vref~ defines the analog input span (the difference be- 
tween the voltage applied between two multiplexer inputs or 
the voltage applied to one of the multiplexer inputs and ana- 
log ground), over which 4095 positive and 4096 negative 
codes exist. The voltage sources driving Vref"*" or Vref“ 
must have very low output impedance and noise. The circuit 
in Figure 14 is an example of a very stable reference appro- 
priate for use with the device. 

'^IN«+12V to +15V 


LsOkfl I +12V to +15V 



“ “ 3.52 kn> ® 2 kn. 


[jj.l 1 /iTT 10 


— ‘Tantalum 

TL/H/1 2079-43 

FIGURE 14. Low Drift Extremely 
Stable Reference Circuit 

The ADC1 21 30/2/8 can be used in either ratiometric or ab- 
solute reference applications. In ratiometric systems, the 
analog input voltage is proportional to the voltage used for 
the ADC’s reference voltage. When this voltage is the sys- 
tem power supply, the Vref*^ pin is connected to Va+ and 
Vref“ is connected to ground. This technique relaxes the 
system reference stability requirements because the analog 
input voltage and the ADC reference voltage move togeth- 
er. This maintains the same output code for given input con- 
ditions. For absolute accuracy, where the analog input volt- 
age varies between very specific voltage limits, a time and 
temperature stable voltage source can be connected to the 
reference inputs. Typically, the reference voltage’s magni- 
tude will require an Initial adjustment to null reference volt- 
age induced full-scale errors. 

Below are recommended references along with some key 
specifications. 


Part Number 

Output 

Voltage 

Tolerance 

Temperature 

Coefficient 

LM4041CI-Adj 

±0.5% 

±100ppm/°C 

LM4040AI-4.1 

±0.1% 

±100ppm/‘’C 

LM9140BYZ-4.1 

±0.5% 

±25ppm/®C 

LM368Y-5.0 

±0.1% 

±20ppm/“C 

Circuit of Figure 14 

Adjustable 

±2ppm/®C 


The reference voltage inputs are not fully differential. The 
ADC1 21 30/2/8 will not generate correct conversions or 
comparisons if Vref"^ is taken below Vref“- Correct con- 
versions result when Vref"^ and Vref~ differ by IV and 
remain, at all times, between ground and Va+. The Vref 
common mode range, (Vref*^ + Vref~)/ 2 is restricted to 
(0.1 X Va+) to (0.6 X Va+). Therefore, with Va+ = 5V 
the center of the reference ladder should not go below 0.5V 
or above 3.0V. Figure 15 Is a graphic representation of the 
voltage restrictions on Vref"'" and Vref“- 


FIGURE 15. VpEF Operating Range 

4.0 ANALOG INPUT VOLTAGE RANGE 

The ADC12130/2/8’s fully differential ADC generate a 
two’s complement output that is found by using the equation 
shown below: 

for (12-bit) resolution the Output Code = 

(V|N+ - V|N-) (4096) 

(Vref"*" - Vref") 

Round off to the nearest integer value between -4096 to 
4095 if the result of the above equation is not a whole num- 
ber. 

Examples are shown in the table below: 


VreF+ 

Vref- 

VlN + 

V|N- 

+ 2.5V 

±1V 

+ 1.5V 

OV 

+ 4.096V 

ov 

+ 3V 

ov 

+ 4.096V 

ov 

+ 2.499V 

±2.500V 

+ 4.096V 

ov 

OV 

+ 4.096V 


5.0 INPUT CURRENT 

At the start of the acquisition window (tA) a charging current 
flows into or out of the analog input pins (A/DIN1 and 
A/DIN2) depending on the input voltage polarity. The ana- 
log input pins are CH0-CH7 and COM when A/DIN 1 Is tied 
to MUXOUT1 and A/DIN2 is tied to MUXOUT2. The peak 
value of this input current will depend on the actual Input 
voltage applied, the source impedance and the internal mul- 
tiplexer switch on resistance. With MUXOUT1 tied to 
A/DIN1 and MUXOUT2 tied to A/DIN2 the internal multi- 
plexer switch on resistance is typically 1.6 kft. The A/DIN1 
and A/DIN2 mux on resistance is typically 750ft. 
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6.0 INPUT SOURCE RESISTANCE 

For low impedance voltage sources (<600n), the input 
charging current will decay, before the end of the S/H’s 
acquisition time of 2 juts (10 CCLK periods with fcK = 
5 MHz), to a value that will not introduce any conversion 
errors. For high source impedances, the S/H’s acquisition 
time can be increased to 1 8 or 34 CCLK periods. For less 
ADC accuracy and/or slower CCLK frequencies the S/H’s 
acquisition time may be decreased to 6 CCLK periods. To 
determine the number of clock periods (Nc) required for the 
acquisition time with a specific source impedance for the 
various resolutions the following equations can be used: 

12 Bit 4- Sign Nc = [Rs + 2.3] X fcK X 0.824 
Where fcK is the conversion clock (CCLK) frequency in MHz 
and Rs is the external source resistance in kn. As an exam- 
ple, operating with a resolution of 12 Bits + sign, a 5 MHz 
clock frequency and maximum acquistion time of 34 conver- 
sion clock periods the ADC’s analog inputs can handle a 
source impedance as high as 6 kfl. The acquisition time 
may also be extended to compensate for the settling or 
response time of external circuitry connected between the 
MUXOUT and A/DIN pins. 

The acquisition time t^ is started by a falling edge of SCLK 
and ended by a rising edge of CCLK (see timing diagrams). 
If SCLK and CCLK are asynchronous one extra CCLK clock 
period may be inserted into the programmed acquisition 
time for synchronization. Therefore with asnychronous 
SCLK and CCLKs the acquisition time will change from con- 
version to conversion. 

7.0 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 juF-O.I ju,F) can be connected be- 
tween the analog input pins, CH0-CH7, and analog ground 
to filter any noise caused by inductive pickup associated 
with long input leads. These capacitors will not degrade the 
conversion accuracy. 


8.0 NOISE 

The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 

9.0 POWER SUPPLIES 

Noise spikes on the Va'*' and Vd+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC Is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. The 
minimum power supply bypassing capacitors recommended 
are low inductance tantalum capacitors of 10 jutF or greater 
paralleled with 0.1 juF monolithic ceramic capacitors. More 
or different bypassing may be necessary depending on the 
overall system requirements. Separate bypass capacitors 
should be used for the Va+ and Vd+ supplies and placed 
as close as possible to these pins. 

10.0 GROUNDING 

The ADC12130/2/8’s performance can be maximized 
through proper grounding techniques. These include the 
use of separate analog and digital ground planes. The digi- 
tal ground plane is placed under all components that handle 
digital signals, while the analog ground plane is placed un- 
der all components that handle analog signals. The digital 
and analog ground planes are connected together at only 
one point, either the power supply ground or at the pins of 
the ADC. This greatly reduces the occurence of ground 
loops and noise. 

Shown in Figure 16 is the ideal ground plane layout for the 
ADC12138 along with ideal placement of the bypass capaci- 
tors. The circuit board layout shown in Figure 16 uses three 
bypass capacitors: 0.01 juF (Cl) and 0.1 jaF (C2) surface 
mount capacitors and 1 0 jaF (C3) tantalum capacitor. 
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1 1.0 CLOCK SIGNAL LINE ISOLATION 

The ADC12130/2/8’s performance is optimized by routing 
the analog input/output and reference signal conductors as 
far as possible from the conductors that carry the clock sig- 
nals to the CCLK and SCLK pins. Ground traces parallel to 
the clock signal traces can be used on printed circuit boards 
to reduce clock signal interference on the analog input/out- 
put pins. 

12.0 THE CALIBRATION CYCLE 

A calibration cycle needs to be started after the power sup- 
plies, reference, and clock have been given enough time to 
stabilize after initial turn-on. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full-scale, 
offset, and linearity errors down to the specified limits. Full- 
scale error typically changes ±0.4 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up if the Power Supply Voltage and the ambient 
temperature do not change significantly (see the curves in 
the Typical Performance Characteristics). 

13.0 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
or the power supply voltage change significantly. (See the 
curves titled “Zero Error Change vs Ambient Temperature” 
and “Zero Error Change vs Supply Voltage” In the Typical 
Performance Characteristics.) 

14.0 DYNAMIC PERFORMANCE 

Many applications require the A/D converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise (S/N), signal-to- 
noise + distortion ratio (S/(N + D)), effective bits, full pow- 


er bandwidth, aperture time and aperture jitter are quantita- 
tive measures of the A/D converter’s capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) , methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. 
S/(N + D) and S/N are calculated from the resulting FFT 
data, and a spectral plot may also be obtained. Typical val- 
ues for S/N are shown In the table of Electrical Characteris- 
tics, and spectral plots of S/(N + D) are included in the 
typical performance curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) or S/N drops 
3 dB). 

Effective number of bits can also be useful in describing the 
A/D’s noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by Its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equation: 

S/N = (6.02 X n + 1.8) dB 
where n is the A/D’s resolution in bits. 


The effective bits of a real A/D converter, therefore, can be 
found by: 


n (effective) = 


S/N(dB) - 1.8 
6.02 


As an example, this device with a differential signed 5V, 
10 kHz sine wave input signal will typically have a S/N of 
78 dB, which is equivalent to 1 2.6 effective bits. 


15.0 AN RS232 SERIAL INTERFACE 

Shown on the following page is a schematic for an RS232 
interface to any IBM and compatible PCs. The DTR, RTS, 
and CTS RS232 signal lines are buffered via level transla- 
tors and connected to the ADC12138’s DI,,SCLK, and DO 
pins, respectively. The D flip/flop is used to generate the CS 
signal. 
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+5V 



TL/H/12079-46 


Note: Va+, Vd+, and Vref'*' on the ADC12138 each have 0.01 fxF and 0.1 jmF chip caps, and 10 /j,F tantalum caps. All logic devices are bypassed with 0.1 ju,F 
caps. 


The assignment of the RS232 port is shown below 



B7 

m 

El 


m 

la 


BO 

COM1 

Input Address 

3FE 

X 

X 

X 

CTS 

X 

X 

X 

X 

Output Address 

3FC 

X 

X 

X 

0 

X 

X 

RTS 

DTR 


A sample program, written in Microsoft QuickBasic, is 
shown on the next page. The program prompts for data 
mode select instruction to be sent to the A/D. This can be 
found from the Mode Programming table shown earlier. The 
data should be entered in “1”s and “0”s as shown in the 
table with DIO first. Next the program prompts for the num- 
ber of SCLKs required for the programmed mode select in- 
struction. For instance, to send all “0”s to the A/D, selects 
CHO as the + Input, CH1 as the -input, 12-bit conversion, 
and 13-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
1 3 SCLK periods since the output data format is 13 bits. The 
part powers up with No Auto Cal, No Auto Zero, 10 CCLK 


Acquisition Time, 1 2-bit conversion, data out with sign, pow- 
er up, 12- or 13-bit MSB First, and user mode. Auto Cal, 
Auto Zero, Power Up and Power Down instructions do not 
change these default settings. Since there is no CS signal to 
synchronize the serial interface the following power up se- 
quence should be followed: 

1 . Run the program 

2. Prior to responding to the prompt apply the power to the 
ADC12138 

3. Respond to the program prompts 

It is recommended that the first instruction issued to the 
ADC12138 be Auto Cal (see Section 1.1). 
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’variables D0L=Data Out word length, DI=Data string for A/D DI input, 
* D0=A/D result string 


’SET CS# HIGH 

OUT &H3FC, (&H2 OR INP (&H3FC) 
OUT &H3FC, (&HFE AND INP(&H3FC) 
OUT &H3FC, (&HFD AND INP (&H3FC) 


’set RTS HIGH 
’SET DTR LOW 
’SET RTS LOW 


OUT &H3FC, (&HEF AND INP(&H3FC)) ’set B4 low 

10 

LINE INPUT "DI data for ADC12138 (see Mode Table on data sheet)"; DI$ 

INPUT "ADC12138 output word length (12,13,16 or 17)"; DOL 
20 


’SET CS# HIGH 


OUT &H3FC, 

(&H2 OR INP (&H3FC) 

’set 

RTS 

HIGH 

OUT &H3FC, 

(&HFE AND INP(&H3FC) 

’SET 

DTR 

LOW 

OUT &H3FC, 

(&HFD AND INP (&H3FC) 

’SET 

RTS 

LOW 

’SET CS# LOW 




OUT &H3FC, 

(&H2 OR INP (&H3FC) 

’ set 

RTS 

HIGH 

OUT &H3FC, 

(&H1 OR INP(&H3FC) 

’SET 

DTR 

HIGH 

OUT &H3FC, 

{&HFD AND INP (&H3FC) 

’SET 

RTS 

LOW 


D0$="" 

OUT &H3FC, (&H1 OR INP(&H3FC) 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

FOR N = 1 TO 8 

Temp^ = MID$(DI|, N, 1) 

IF Temp$="0" THEN 

OUT &H3FC, (&H1 OR INP(&H3FC)) 
ELSE OUT &H3FC, {&HFE AND INP(&H3FC)) 
END IF 

OUT &H3FC, (&H2 OR INP(&H3FC)) 

IF (INP(&H3FE) AND 16) = 16 THEN 
D0:| = D0$ + "0" 

ELSE 

D0$ = D0$ + "1" 

END IF 

OUT &H3FC, (&H1 OR INP(&H3FC) 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

NEXT N 

IF DOL > 8 THEN 
FOR N=9 TO DOL 

OUT &H3FC, (&H1 OR INP(&H3FC) 

OUT &H3FC, (&HFD AND INP(&H3FC)) 

OUT &H3FC, (&H2 OR INP{&H3FC)) 


’reset DO variable 
’SET DTR HIGH 
’SCLK low 


’out DI 
’SCLK high 


’Input DO 
’SET DTR HIGH 
’SCLK low 


’SET DTR HIGH 
’SCLK low 
’SCLK high 


IF (INP(&H3FE) AND &H10) = &H10 THEN 
D0$ = D0$ + "0" 

ELSE 

D0$ = D0$+"1" 

END IF 
NEXT N 
END IF 

OUT &H3FCI, (&HFA AND INP(&H3FC)) ’SCLK low and DI high 

FOR N = 1 TO 500 
NEXT N 
PRINT D0$ 

INPUT "Enter "C" to convert else "RETURN" to alter DI data" ; s$ 

IF s$ = "C" OR s| = "c" THEN 

GOTO 20 

ELSE 

GOTO 10 

END IF 

END 



2-547 


ADC12130/ADC12132/ADC12138 




ADC1205/ADC1225 



National Semiconductor 


ADC1205/ADC1225 12-Bit Plus Sign 
fiP Compatible A/D Converters 


General Description 

The ADC1205 and ADC1225 are CMOS, 12-bit plus sign 
successive approximation A/D converters. The 24-pin 
ADC1205 outputs the 13-bit data result in two 8-bit bytes, 
formatted high-byte first with sign extended. The 28-pin 
ADC1225 outputs a 13-bit word in parallel for direct inter- 
face to a 1 6-bit data bus. 

Negative numbers are represented in 2’s complement data 
format. All digital signals are fully TTL and MOS compatible. 
A unipolar input (OV to 5V) can be accommodated with a 
single 5V supply, while a bipolar input (-5V to +5V) re- 
quires the addition of a 5V negative supply. 

The ADC1205C and ADC1225C have a maximum non-lin- 
earity of 0.0224% of Full Scale. 


Key Specifications 

■ Resolution — 12 bits plus sign 

■ Linearity Error — ±1 LSB 
B Conversion Time— 100 jas 

Features 

B Compatible with all jaPs 

B True differential analog voltage Inputs 

D OV to 5V analog voltage range with single 5V supply 

B TTL/MOS input/output compatible 

□ Low power— 25 mW max 

B Standard 24-pin or 28-pin DIP 


Connection and Functionai Diagrams 

Dual-ln-Line Package 
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Absolute Maximum Ratings (Notes i a 2 ) Operating Conditions (Notes 1 a 2 ) 

If Military/ Aerospace specified devices are required, Temperature Range Tmin^Ta^Tmax 

please contact the National Semiconductor Sales ADC1205CCJ, ADC1225CCD -40°C^Ta^ + 85°C 

Office/Distributors for availability and specifications. ADC1205CCJ-1, ADC1225CCD-1 0°CSTAi70'>C 

Supply Voltage (DVcc and AVcc) 6.5V Supply Voltage (DVcc and AVcc) 4.5 Vdc to 6.0 Vdc 

Negative Supply Voltage (V-) -15VtoGND Negative Supply Voltage (V-) -15VtoGND 

Logic Control Inputs -0.3V to + 15V 

Voltage at Analog Inputs 

[V|N(+).V|N(-)] (V-)~0.3VtoVcc + 0.3V 

Voltage at All Outputs, Vref. Vqs “ 0.3V to (Vcc + 0.3)V 

Input Current per Pin ± 5mA 

Input Current per Package ±20mA 

Storage T emperature Range - 65°C to + 1 50®C 

Package Dissipation at Ta = 25°C 875 mW 

Lead Temp. (Soldering, 1 0 seconds) 300°C 

ESD Susceptibility (Note 1 2) 800V 

Electricai Characteristics 

The following specifications apply for DVcc = AVcc = 5V, Vref = 5V, fcLK = 1-0 MHz, V“ = -5V for bipolar input range, or 

V“ = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|n(+) ^ 5.05V; 
-5.05V ^ V|N(-) ^ 5.05V and |V|n( + ) - V|n(-)| ^ 5.05V. Unipolar input range Is defined as -0.05V ^ V|n(+) ^ 5.05V; 
-0.05V ^ V|N(_) ^ 5.05V and |V|n(+) - V|n(_)| ^ 5.05V. Boldface limits apply from Tmin to TmaxJ sII other limits Ta = Tj 
= 25°C (Notes 3, 4, 5, 6, 7). 

Parameter 

Conditions 

ADC1205CCJ, ADC1225CCD 

ADC1205CCJ-1, ADC1225CCD-1 

Limit 

Units 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

I CONVERTER CHARACTERISTICS | 

Linearity Error 

ADC1205CCJ, ADC1225CCD 
ADC1 205CCJ-1 , ADC1 225CCD-1 

Unipolar Input 
Range 
(Note 11) 


±1 



±1 

±1 

LSB 

LSB 

Unadjusted Zero Error 

Unipolar Input 
Range 


±2 



±2 , 

±2 

LSB 

Unadjusted Positive and Negative 
Full-Scale Error 

Unipolar Input 
Range 


±30 



±30 

±30 

LSB 

Negative Full-Scale Error 

Unipolar Input 
Range, Full 
Scale Adj. to 
Zero 



±y2 



±y2 

LSB 

Linearity Error 

ADC1 205CCJ, ADC1 225CCD 
ADC1 205CCJ-1 . ADC1 225CCD-1 

Bipolar Input 
Range 
(Note 11) 


±2 



±2 

±2 

LSB 

LSB 

Unadjusted Zero Error 

Bipolar Input 
Range 


±2 



±2 

±2 

LSB 

Unadjusted Positive and Negative 
Full-Scale Error 

Bipolar Input 
Range 


±30 



±30 

±30 

LSB 

Negative Full-Scale Error 

Bipolar Input 
Range, Full 
Scale Adj. to 
Zero 


±2 



±2 

±2 

LSB 

Maximum Gain Temperature 
Coefficient 


6 


15 

6 


15 

ppm/^C 

Maximum Offset Temperature 
Coefficient 


0.5 



0.5 



ppm/^C 

Minimum Vref •nput Resistance 


4.0 

2 


4.0 

2 

2 

kn 

Maximum Vref Input Resistance 


4.0 

8 


4.0 

8 

8 

kn 
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Electrical Characteristics (Continued) 

The following specifications apply for DVcc = AVcc = 5V, Vref = 5V, fcLK = 10 MHz, V~ = -5V for bipolar Input range, or 

V~ = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|n(+) ^ 5.05V; 
-5.05V ^ V|N(-) ^ 5.05V and |Vin(+) - V|n(-)| ^ 5.05V. Unipolar input range is defined as -0.05V ^ V|N(+) ^ 5.05V; 
-0.05V ^ V|N(_) ^ 5.05V and |V|n(+) - V|n(-)1 ^ 5.05V. Boldface limits apply from Tmin Tmax; other limits Ta = Tj 
= 25“C (Notes 3, 4, 5, 6, 7). 

Parameter 

Conditions 

ADC1205CCJ, ADC1225CCD 

ADC1205CCJ-1, ADC1225CCD-1 

Limit 

Units 

Typ 

(Notes) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

CONVERTER CHARACTERISTICS (Continued) 

Minimum Analog Input 

Voltage 

Unipolar Input 
Range 

Bipolar Input 
Range 


GND-0.05 

-Vcc-0.05 



GND-0.05 

-Vc-0.05 

GND-0.05 

-Vcc-0.05 

V 

V 

Maximum Analog Input 

Voltage 

Unipolar Input 
Range 

Bipolar Input 
Range 

Vcc + 0.05 

Vcc+0.05 



Vcc+0.05 

Vcc+0.05 

Vcc + 0.05 

Vcc + 0.05 

V 

V 

DC Common-Mode Error 


iVa 

±Vz 


±Vb 

±y2 

±y2 

LSB 

Power Supply Sensitivity 

Zero Error 

Positive and Negative 
Full-Scale Error 

Linearity Error 

AVcc = DVcc = 
5V±5%, 

V- = -5V±5% 


-H +1 +1 



+1 +1 +1 

±¥4 

±y4 

±y4 

LSB 

LSB 

LSB 

DIGITAL AND DC CHARACTERISTICS 

V|N( 1 ), Logical “1” Input 

Voltage (Min) 

Vcc= 5.25V, 

All Inputs except 
CLKIN 


111^11111111 



2.0 


V 

V|N(0). Logical “0” Input 

Voltage (Max) 

Vcc= 4.75V, 

All Inputs except 
CLKIN 





0.8 

0.8 

V 

I|N( 1 ), Logical “1” Input 

Current (Max) 

V,n = 5V 

0.005 

1 


0.005 


1 

jmA 

l|N(0). Logical “0” Input 

Current (Max) 

< 

z 

II 

o 

< 

-0.005 

-1 




-1 

fjiA 

Vj+ (Min), Minimum Positive- 
Going Threshold Voltage 

CLKIN 

3.1 

2.7 


3.1 


2.7 

V 

Vt+ (Max), Maximum Positive- 
Going Threshold Voltage 

CLKIN 

3.1 

3.5 


3.1 



V 

Vt“ (Min), Minimum Negative- 
Going Threshold Voltage 

CLKIN 

1.8 

1.4 


1.8 

1.4 

1.4 

V 

Vt“ (Max), Maximum Negative- 
Going Threshold Voltage 

CLKIN 

1.8 

2.1 




2.1 

V 

VH(Min), Minimum Hysteresis 
[VT+(Min)-VT-(Max)] 

CLK IN 

1.3 

0.6 




0.6 

V 

VH(Max), Maximum Hysteresis 
[VT+(Max)-VT-(Min)] 

CLKIN 

1.3 

2.1 


1.3 

2.1 

2.1 

V 
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Electrical Characteristics (Continued) 

The following specifications apply for DVcc = AVcc = 5V, Vref = 5V, fcLK =1.0 MHz, V" = -5V for bipolar input range, or 
V“ = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|n(+) ^ 5.05V; 
-5.05V ^ V|N(_) ^ 5.05V and |V|n(+) - V|n(-)| ^ 5.05V. Unipolar input range is defined as -0.05V ^ V|n(+) ^ 5.05V; 
-0.05V ^ V|N(_) 5.05V and |V|n{+) - V|n(-)| ^ 5.05V. Boldface limits apply from Tmin to TmaxJ all other limits Ta = Tj 

= 25“C (Notes 3. 4, 5, 6, 7). 


Parameter 

Conditions 

ADC1205CCJ, ADC1225CCD 

ADC1205CCJ-1, ADC1225CCD-1 

Limit 

Units 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

DIGITAL AND DC CHARACTERISTICS (Continued) 

VoUT(i). Logical “1” Output 

Vcc= 4.75V 


H 






Voltage (Min) 

•0UT“ ~360 /mA 





2.4 


V 


•OUT'^ “10 fiA 





4.5 


V 

VouT(O). Logical "0” Output 

Vcc= 4.75V 


■SI 





V 

Voltage (Max) 

•0UT"= 1 -0 mA 


■■ 






•out. TRI-STATE Output Leakage 

VoUT = 0V 

-0.01 

-3 


-0.01 


-3 


Current (Max) 

VoUT'^SV 

0.01 

3 


0.01 

HS9I 

3 


•source. Output Source Current 

VoUT=0V 

-12 



-12 


-6.0 


(Min) 



mu 



miiiH 



•sink. Output Sink Current (Min) 

Vqut^sv 

16 

mm 


16 

9.0 

8.0 

mA 

Dice. DVcc Supply Current (Max) 

fCLK~1 MHz, CS=1 

1 

3 


1 

2.5 

3 

mA 

Alec. AVcc Supply Current (Max) 

fCLK“1 MHz, CS=1 

1 

3 


1 

2.5 

3 

mA 

1 “ , V“ Supply Current (Max) 

fCLK=1 MHz,C§=1 

10 

100 


10 

100 

100 

jliA 


AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = 5.0V, tr=tf=20 ns and Ta= 25‘’C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Notes) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Limit 

Units 

fCLK. Clock Frequency MIN 


1.0 

0.3 


MHz 

MAX 


1.0 

1.5 


MHz 

Clock Duty Cycle MIN 




40 

% 

MAX 




60 

% 

Tc, Conversion Time MIN 




108 

1 /ICLK 

MAX 




109 

1 /tCLK 

MIN 

fCLK=1-0 MHz 



108 

JXS 

MAX 

fCLK=1-0MHz 



109 

jmS 

tw(WR)L. Pulse Width MAX 


220 


350 

ns 

tAcc. Access Time (Delay from 

Falling Edge of RD to 

Output Data Valid) (Max) 

Cl= 100 pF 

210 


340 

ns 

h H. loH. TRI-STATE Control (Delay 
from Rising Edge of RD to 

RL=2k, Cl= 100 pF 

170 


290 

ns 

Hi-Z State) (Max) 






IpD(READYOUT). RD or WR to 
READYOUT Delay (Max) 


250 


400 

ns 

IpD(iNT) TO or to Reset of InT 
(Max) 


250 


400 

ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: All voltages are measured with respect to ground, unless otherwise specified. 

Note 3: A parasitic zener diode exists internally from AVcc and DVcc to ground. This parasitic zener has a typical breakdown voltage of 7 Vqc- 
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AC Electrical Characteristics (Continued) 

Note 4: Two on-chip diodes are tied to each analog input as shown below. 


DIGITAL Vcc 



TL/H/5676-4 

Errors in the A/D conversion can occur if these diodes are forward biased more than 50 mV. This means that if AVcc and DVcc are minimum (4.75 Vdc) and V“ 
minimum (-4,75Vdc). full-scale must be ^ 4.8Vqc. 

Note 5: A diode exists between analog Vcc and digital Vc- 


AVcc 13— j 


DVcc ED — \ 


if 


TO INTERNAL CIRCUITRY 


TO INTERNAL CIRCUITRY 


I TL/H/5676-20 

To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc Pin. 
Note 6: A diode exists between analog ground and digital ground. 


ANALOG GROUND 


DIGITAL GROUND 


□- 


TO INTERNAL CIRCUITfjY 


TO INTERNAL CIRCUITRY 


TL/H/5676-21 


To guarantee accuracy, it is required that the analog ground and digital ground be connected together externally. 

Note 7: Accuracy is guaranteed at fcLK“ 1-0 MHz. At higher clock frequencies accuracy may degrade. 

Note 8: Typicals are at 25‘’C and represent most likely parametric norm. 

Note 9: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 1 1: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through positive full scale and zero, 
after adjusting zero error. (See Figures 1b and 1c). 

Note 12: Human body model; 100 pF discharged through a 1.5 kft resistor. 
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POSITIVE 

FULLSCALE 

ERROR 


-3LSB 

OUTPUT CODE 
(FROM -4096 TO +4095) 


TL/H/5676-22 


FIGURE 1b. Simplified Error Curve vs. Output Code Without Zero and Fullscale Adjustment 



(FROM -4096 TO +4095) 


TL/H/5676-23 


FIGURE 1c. Simplified Error Curve vs. Output Code after Zero/Fuliscale Adjustment 


Vcc 



Vcc Vcc 




FIGURE 2. TRI-STATE Test Circuits and Waveforms 


TL/H/5676-7 




DBS 


HIGH BHE ON ADC1Z05 
13-BiT DATA ON ADC13Z5 


LOW 6YTE0NADC1205 
13-BIT DATA ON ADC1225 


TL/H/5676-15 


FIGURE 3. Timing Diagram 


RD OR WR 


/ 


-tPD{READYOUT) 


^ 


-tPD(HEADYOUT) 


FIGURE 4. Ready Out 



FIGURE 5. Data Out 


TL/H/5676-14 







RESTART LOGIC [13J 



FIGURE 6. Functional Block Diagram 
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Functional Description 

1.0 THE A/D CONVERSION 

1.1 STARTING A CONVERSION 

When using the ADC1225 or ADC1205 with a microproces- 
sor, starting an A-to-D conversion is like writing to an exter- 
nal memory location. The WR and CS lines are used to start 
the conversion. The simplified logic {Figure 6) shows that 
the falling edge of WR with CS low clocks the D-type flip- 
flop and initiates the conversion sequence. A new conver- 
sion can therefore be restarted before the end of the previ- 
ous sequence. INT going low indicates the conversion’s 
end. 

1.2 THE CONVERSION PROCESS (Numbers designated 
by [ ] refer to portions of Figure 6.) 

The SARS LOGIC [2] controls the A-to-D conversion pro- 
cess. When ‘sars’ goes high the clock (elk) is gated to the 
TIMING GENERATOR [9]. One of the outputs of the TIM- 
ING GENERATOR, Tz, provides the clock for the Succes- 
sive Approximation Register, SAR LOGIC [5]. The Tz clock 
rate is Vs of the CLK IN frequency. 

Inputs to the 12-BIT DAC [11] and control of the SAMPLED 
DATA COMPARATOR [10] sign logic are provided by the 
SAR LOGIC. The first step in the conversion process is to 
set the sign to positive (logic ‘0’) and the input of the DAC to 
000 (HEX notation). If the differential input, V||\j(+)-V|n(_), 
is positive the sign bit will remain low. If it is negative the 
sign bit will be set high. Differential inputs of only a few 
hundred microvolts are enough to provide full logic swings 
at the output of the SAMPLED DATA COMPARATOR. 

The sign bit indicates the polarity of the differential input. If it 
is set high, the negative input must have been greater than 
the positive input. By reversing the polarity of the differential 
input, V|N(+) and V|n(-) are interchanged and the DAC 
sees the negative input as positive. The input polarity rever- 
sal is done digitally by changing the timing on the input sam- 
pling switches of the SAMPLED DATA COMPARATOR. 
Thus, with almost no additional circuitry, the A/D is extend- 
ed from a unipolar 12-bit to a bipolar 12-bit (12-bit plus sign) 
device. 

After determining the input polarity, the conversion pro- 
ceeds with the successive approximation process. The SAR 
LOGIC successively tries each bit of the 12-BIT DAC. The 
most significant bit (MSB), B1 1, has a weight of Vz of Vref- 
The next bit, BIO, has a weight of Vi Vref- Each successive 
bit is reduced in weight by a factor of 2 which gives the least 
significant bit (LSB) a weight of 1 /4096 Vref- 
When the MSB is tried, the comparator compares the DAC 
output, Vref/ 2, to the analog input. If the analog input is 
greater than Vref/ 2 the comparator tells the SAR LOGIC to 
set the MSB. If the analog input is less than Vref/ 2 the 
comparator tells the SAR LOGIC to reset the MSB. On the 
next bit-test the DAC output will either be % Vref or % 
Vref depending on whether the MSB was set or not. Fol- 
lowing this sequence through for each successive bit will 
approximate the analog input to within 1-bit (one part in 
4096). 

On completion of the LSB bit-test the conversion-complete 
flip-flop (CC) is set, signifying that the conversion is finished. 
The end-of-conversion (EOC) and interrupt (TnT) lines are 
not changed at this time. Some internal housekeeping tasks 
must be completed before the outside world is notified that 
the conversion is finished. 


Setting CC enables the UPDATE LOGIC [12]. This logic 
controls the transfer of data from the SAR LOGIC to the 
OUTPUT LATCH [6] and resets the internal logic in prepa- 
ration for a new conversion. This means that when EOC 
goes high, a new conversion can be immediately started 
since the internal logic has already been reset. In the same 
way, data is transferred to the OUTPUT LATCH prior to is- 
suing an interrupt. This assures that data can be read imme- 
diately after INT goes low. 

2.0 READING THE A/D 

The ADC 1225 makes all thirteen_bits of the conversion 
result available in parallel. Taking CS and RD low enables 
the TRI-STATE® output buffers. The conversion result is 
represented in 2’s complement format. 

The ADC1205 makes the conversion result available In two 
eight-bit bytes. The output format is 2’s complement with 
extended sign. Data is right justified and presented high 
byte first. With CS low and STATUS high, the high byte 
(DB12-DB8) will be enabl^on the output buffers the first 
time RD goes low. When RD goes low a second time, the 
low byte (DB7-DB0) will be enabled. On each read opera- 
tion, the ‘byst’ flip-flop is toggled so that on successive 
reads alternate bytes will be available on the outputs. The 
‘byst’ flip-flop is always reset to the high byte at the end of a 
conversion. Table 1 below shows the data bit locations on 
theADC1205. 

The ADC1205’s STATUS pin makes it possible to read the 
conversion st atus and the state of the ‘byst’ flip-flop. With 
RD, STATUS and CS low, this information appears on the 
data bus. The ‘byst’ status appears on pin 18 (DB2/DB10). 
A low output on pin 1 8 indicates that the next data read will 
be the high byte. A high output indicates that the next data 
read will be the low byte. A high status bit on pin 22 (DB6/ 
DB12) indicates that the conversion is in progress. A high 
output appears on pin 17 (DB1/DB9) when the conversion 
is completed and the data has been transferred to the out- 
put latch. A high output on pin 16 (DB0/DB8) indicates that 
the conversion has been completed and the data is ready to 
read. This status bit is reset when a new conversion is initia- 
ted, data is read, or status is read. When reading status or a 
conversion result, STATUS should always change states at 
least 600 ns before RD goes low. If th e conversion status 
information is not needed, the STATUS pin should be hard- 
wired to V+. Table 2 summarizes the meanings of the four 
status bits. 


TABLE I. Data Bit Locations, ADC1205 


HIGH BYTE 

DB12 

DB12 

DB12 

DB12 

DB11 

DB10 

DB9 

DB8 

LOW BYTE 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 


TABLE il. Status Bit Locations and Meanings 


Status 

Bit 

Location 

Status 

Bit 

Meaning 

Condition to 
Ciear Status 
Bit 

DB6 

SARS 

“High” indicates that 
the conversion is in 
progress 


DB2 

BYST 

“Low” indicates that 
the next data read is 
the high byte. 
“High” indicates that 
the next data read is 
the low byte 

Status write 
or toggle it 
with data 
read 
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Functional Description (Continued) 

TABLE II. Status Bit Locations and Meanings 

(Continued) 


Status 

Bit 

Location 

Status 

Bit 

Meaning 

Condition to 
Clear Status 
Bit 

DB1 

EOC 

“High” indicates that 
the conversion is 
completed and data is 
transferred to the 
output latch. 


DBO 

INT 

“High” indicates that 
it is the end of the 
conversion and the 
data is ready to read 

Data read or 
status read 
or status 
write 


3.0 INTERFACE 

3.1 RESET OF INTERRUPT 

InT goes low at the end of the conversion and indicates that 
data is transferred to the output latch. By reading data, 
will be reset to high on the leading edge of the first read (RD 
going low). INT Is also reset on the leading (falling) edge of 
WR when starting a conversion. 

3.2 READY OUT 

To simplify the hardware connection to high speed micro- 
processors, a READY OUT line is provided. This allows the 
A-to-D to insert a wait state In the jaP’s read cycle. The 
equivalent circuit and the timing diagram for READY OUT is 
shown in Figures 7 and 8. 

CS*R0' 

CS*WR 



TL/H/5676-9 

FIGURE 7. READY OUT Equivalent Circuit 


cs 


WR 


RO 


INTR 


1 r 


1 f 


Z 


READY OUT 


DATA 

(DB0-DB12) 


<z_>- 


\. 



3.3 RESETTING THE A/D 

All the internal logic can be reset, which will abort any con- 
version in process and reset the status bits. The reset func- 
tion Is achieved by performing a status write (CS, WR and 
STATUS are low). 

3.4 ADDITIONAL TIMING AND INTERFACE OPTIONS 
ADC1225 

1 . WR and ^ can be tied together with ^ low continu- 
ously or strobed. The previous conversion’s data will be 
available when the WR and RD are low as shown below. 
One drawback is that, since the conversion is started on the 
falling edge and the data read on the rising edge of WR/RD, 
the first data access will have erroneous Information de- 
pending on the power-up state of the internal output latch- 
es. 

If the WR/TO strobe is longer than the conversion time, 
INTR will never go low to signal the end of a conversion. 
The conversion will be completed and the output latches will 
be updated. In this case the READY OUT signal can be 
used to sense the end of the conversion since it will go low 
when the output latches are being updated. 


,j — I r 


r 


1_J' 




<Z3- 


TL/H/5676-24 


FIGURE 9 
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Functional Description (Continued) 


m 

iNTR 

READY OUT 


\ — 1 1 — \ 




■* 'c 







1 1 

l_J 



DATA 

(DB0-DB12) 


X 


OLD DATA 


ADC 1225 



DATA 

(DB0-DB12) 


\ NEW DATA 


TL/H/5676-29 


TL/H/5676-28 


When using this method of conversion only one strobe is 
necessary and the rising edge of WR/RD can be used to 
read the current conversion results. These methods reduce 
the throughput time of the conversion since the RD and WR 
cycles are combined. 

2. With the standard timing WR pulse width longe r than the 
conversion time a conversion is completed but the INTR will 
never go low to signal the end of a conversion. The output 
latches will be updated and valid information will be avail- 
able when the RD cycle is accomplished. 


3. Tying CS and low continuously and strobi ng WR to 
Initiate a conversion will also yield valid data. The INTR will 
never go low to signal the end of a conversion and t he 
digital outputs will always be enabled, so using INTR to 
strobe the WR line for a continuous conversion cannot be 
done with this part. 

A simple stand-alone circuit can be accomplished by driving 
WR with the inverse of the READY OUT signal using a sim- 
ple inverter as shown below. 


CS 


] [ 


1 


I 


^ \ f 


RD 


INTR 


READY OUT 


1 

_f 

n f 

1 1 

1 


1 

Tc 


1 — \ 

_J 1 - 


DATA 

(DB0-DB7) 


CZ3 

MOST 

SIGNIFICANT 

BYTE 


> 

LEAST 

SIGNIFICANT 

BYTE 

FIGURE 14 
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Functional Description (Continued) 

ADC1205 

Case 1 would be the only one that would appy to the 
ADC1205 since two RD strobes are necessary to retrieve 
the 13 bits of information on the 8 bit data bus. Simulta- 
neously strobing WR and RD low will enable the most signif- 
icant byte on DB0-DB7 and start a conversion. Pulsing 
WR/RD low before the end of this conversion will enable 
the least significant byte of data on the outputs and restart a 
conversion^ 


4.0 REFERENCE VOLTAGE 


The voltage applied to the reference input of the converter 
defines the voltage span of the analog inputs (the difference 
between V|N(+) and V|N(_), over which 4096 positive out- 
put codes and 4096 negative output codes exist. The 
A-to-D can be used in either ratiometric or absolute refer- 
ence applications. Vref rnust be connected to a voltage 
source capable of drivjng the reference input resistance 
(typically 4 kH). 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage Is the system power supply, the Vref Pin can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog Input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

5.0 THE ANALOG INPUTS 

5.1 DIFFERENTIAL VOLTAGE INPUTS AND COMMON 
MODE REJECTION 

The differential inputs of the ADC1225 and ADC1205 actu- 
ally reduce the effects of common-mode input noise, i.e., 
signals common to both V|n(+) and V|N(-) inputs (60 Hz is 
most typical). The time Interval between sampling the 
and “ - “ Input is 4 clock periods. Therefore, a change in the 
common-mode voltage during this short time interval may 
cause conversion errors. For a sinusoidal common-mode 
signal the error would be: 


VeRROR(MAX) = VpEAK fcM) 


^CLK 


where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value and fcLK is the converter’s 
clock frequency. In most cases Verror will not be signifi- 
cant. For a 60 Hz common-mode signal to generate a 1/4 
LSB error (300 fiV) with the converter running at 1 MHz its 
peak value would have to be 200mV. 


through the output resistance of the analog signal source. 
This charge pumping action is worse for continuous conver- 
sions with the V|N(+) input voltage at full-scale. For continu- 
ous conversions with a 1 MHz clock frequency and the 
V|N(+) input at 5V, the average Input current Is approximate- 
ly 5 jut A. For this reason bypass capacitors should not be 
used at the analog inputs for high resistance sources 
(Rsource 100 ^^)- 

If input bypass capacitors are necessary for noise filtering 
and high source resistance is desirable to minimize capacitor 
size, the detrimental effects of the voltage drop across this 
input resistance, due to the average value of the Input cur- 
rent, can be minimized with a full-scale adjustment while the 
given source resistance and Input bypass capacitor are both 
in place. This is effective because the average value of the 
input current is a linear function of the differential input volt- 
age. 

5.4 INPUT SOURCE RESISTANCE 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time, if a low pass 
filter is required in the system, use a low valued series resis- 
tor (R ^ 1 00 ft) for a passive RC section or add an op amp 
RC active low pass filter. For low source resistance applica- 
tions, (Rsource^IOO TI) a 0.001 fiF bypass capacitor at 
the inputs will prevent pickup due to series lead inductance 
of a long wire. A 100 ft series resistor can be used to Isolate 
this capacitor - both the R and C are placed outside the 
feedback loop - from the output of an op amp, if used. 

5.5 NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesIred digital clock coupling to these inputs can cause 
errors. Input filtering can be used to reduce the effects of 
these sources, but careful note should be taken of sections 
5.3 and 5.4 If this route is taken. 

6.0 POWER SUPPLIES 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. Low 
inductance tantalum capacitors of 1 jaF or greater are rec- 
ommended for supply bypassing. Separate bypass caps 
should be placed close to the DVcc and AVcc pins. If an 
unregulated voltage source is available in the system, a sep- 
arate LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc 
(and other analog circuitry) will greatly reduce digital noise 
on the supply line. 

7.0 ERRORS AND REFERENCE VOLTAGE 
ADJUSTMENTS 

7.1 ZERO ADJUST 


5.2 INPUT CURRENT 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the leading clock edges during the actual conver- 
sion. These currents decay rapidly and do not cause errors 
as the internal comparator is strobed at the end of a clock 
period. 

5.3 INPUT BYPASS CAPACITORS 

Bypass capacitors at the inputs will average the current 
spikes mentioned in 5.2 and cause a DC current to flow 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|N(-) input and applying a small 
magnitude positive voltage to the V|N(-}-) input. Zero error is 
the difference between the actual DC input voltage neces- 
sary to just cause an output digital code transition from ail 
zeroes to 0,0000,0009,0001 and the ideal Vk LSB value {Yz 
LSB =0.61 mV for Vref=5 Vqc)- Zero error can be adjust- 
ed as shown In Figure 15. V||m(+) is forced to 0.61 mV, and 
V|N(_) is forced to OV. The potentiometer is adjusted until 
the digital output code changes from all zeroes to 
0,000,0000,0001. 
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Functional Description (Continued) 

A simpler, although slightly less accurate, approach is to 
ground V|n(+) and V|N(-). and adjust for all zeros at the 
output. Error will be well under 1/2 LSB If the adjustment is 
done so that the potentiometer is “centered” within the 
0,000,000 range. A positive voltage at the Vqs input will 
reduce the output code. The adjustment range is +4 to 
-30 LSB. 


0.61 mV — 

V|n(*) 

1 

V|n(-) 


'^REF 

' T 

Vqs 


FIGURE 15. Zero Adjust Circuit 

7.2 POSITIVE AND NEGATIVE FULL-SCALE 
ADJUSTMENT 

Unipolar Inputs 

Apply a differential Input voltage which is 1 .5 LSB below the 
desired analog full-scale voltage (Vp) and adjust the magni- 

Typical Appiications 


tude of the Vref input so that the output code is just chang- 
ing from 0,11 11,11 11,1 110 to 0,1 11 1,11 11,11 11. 

Bipolar inputs 

Do the same procedure outlined above for the unipolar case 
and then change the differential input voltage so that the 
digital output code is just changing from 1,0000,0000,0001 
to 1 ,0000,0000,0000. Record the differential input voltage, 
Vx- the ideal differential input voltage for that transition 
should be; 

( Vf \ 


Calculate the difference between Vx and the ideal voltage; 

Then apply a differential input voltage of; 

(- 1 ) 


and adjust the magnitude of Vref so the digital output 
code Is just changing from 1,0000,0000,0001 to 
1 ,0000,0000,0000. That will obtain the positive and negative 
full-scale transition with symmetrical minimum error. 


♦Input must have some 
current return path to 
signal ground 
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ADC1205/ADC1225 


Ordering Information 


Temperature Range 

0*^0 to 70*0 

-40Xto +85‘’C 

Non-Linearity 

0.024% 

ADC1205CCJ-1 

ADC1225CCD-1 

ADC1205CCJ 

ADC1225CCD 

Package Outline 

J24A 

D28D 

J24A 

D28D 
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National Semiconductor 


ADC12062 

12-Bit, 1 MNz, 75 mW A/D Converter 
with Input Multiplexer and Sample/Hold 


General Description 

Using an innovative multistep conversion technique, the 
12-bit ADC12062 CMOS analog-to-digital converter digitizes 
signals at a 1 MHz sampling rate while consuming a maxi- 
mum of only 75 mW on a single +5V supply. The 
ADC12062 performs a 12-bit conversion in three lower-res- 
olution “flash” conversions, yielding a fast A/D without the 
cost and power dissipation associated with true flash ap- 
proaches. 

The analog input voltage to the ADC12062 is tracked and 
held by an Internal sampling circuit, allowing high frequency 
input signals to be accurately digitized without the need for 
an external sample-and-hold circuit. The multiplexer output 
is available to the user in order to perform additional exter- 
nal signal processing before the signal is digitized. 

When the converter is not digitizing signals. It can be placed 
In the Standby mode; typical power consumption in this 
mode is 100 /xW. 


Features 

■ Built-in sample-and-hold 

■ Single +5V supply 

■ Single channel or 2 channel multiplexer operation 

■ Low Power Standby mode 

Key Specifications 

■ Sampling rate 

■ Conversion time 

■ Signal-to-Noise Ratio, f|N = 100 kHz 

■ Power dissipation (fs = 1 MHz) 

■ No missing codes over temperature 


1 MHz (min) 
740 ns (typ) 
69.5 dB (min) 
75 mW (max) 
Guaranteed 


Appiications 

■ Digital signal processor front ends 

■ instrumentation 

■ Diskdrives 

■ Mobile telecommunications 

■ Waveform digitizers 


Biock Diagram 




TL/H/1 1490-1 
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Absolute Maximum Ratings (Notes 1 , 2) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Saies 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc = DVcc = AVcc) -0.3V to +6V 
Voltage at Any Input or Output —0.3V to Vcc 0-3V 

Input Current at Any Pin (Note 3) 25 mA 

Package Input Current (Note 3) 50 mA 

Power Dissipation (Note 4) 875 mW 

ESD Susceptibility (Note 5) 2000V 


Converter Characteristics The following specifications apply for DVcc = AVcc = +5V, Vref+ (SENSE) = 
+ 4,096V, Vref-(SENSE) = AGND, and fs = 1 MHz, unless otherwise specified. Boldface limits apply for Ta = Tj from 
Tmiii to Tiiaxi other limits Ta Tj = 4-25®C. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 7) 

Limit 
(Note 8) 

Units 

(Limit) 


Resolution 



12 

Bits 


Differential Linearity Error 

Ta = 25°C 

Tmin to Tmax 


±0.8 

±0.95 

LSB (max) 
LSB (max) 


Integral Linearity Error 
(Note 9) 

Tmim to Tmax (BIV Suffix) 

±0.4 

±1.0 

LSB (max) 

Ta = +25-0 (CIV Suffix) 

Tmin *o Tmax (CIV Suffix) 


±1.0 

±1.5 

LSB (max) 
LSB (max) 


Offset Error 

Tmin to Tmax (BIV Suffix) 

±0.3 

±1.25 

LSB (max) 

Ta = +25“C (CIV Suffix) 

Tmin to Tmax (CIV Suffix) 



LSB (max) 
LSB (max) 


Full Scale Error 

Tmin to Tmax (BIV Suffix) 

±0.2 

±1.0 

LSB (max) 

Ta = +25°C(CiV Suffix) 

Tmin to Tmax (CIV Suffix) 


±1.0 

±1.5 

LSB (max) 
LSB (max) 


Power Supply Sensitiyity 
(Note 15) 

DVcc = AVcc = 5V ±10% 


±1.0 

LSB (max) 

Rref 

Reference Resistance 



500 

1000 

Cl (min) 
ft (max) 

VreF(+) 




AVcc 

V (max) 





AGND 

V (min) 

V|N 

Input Voltage Range 

To Vifvii, V|(sj 2 , or ADC IN 

' 

AVcc + 0.05V 
AGND - 0.05V 

V (max) 

V (min) 


ADC IN Input Leakage 

AGND to AVcc - 0-3V 

0.1 

3 

/xA (max) 

Cadc 

ADC IN Input Capacitance 


25 


pF 


MUX On-Channel Leakage 

AGND to AVcc - 0-3V 

0.1 

3 

jLtA (max) 


MUX Off-Channel Leakage 

AGND to AVcc - 0-3V 

0.1 

3 

jaA (max) 

CmUX 

Multiplexer Input Cap 


7 


pF 


MUX Off Isolation 

f|N = 100 kHz 

92 


dB 


Soldering Iriformation (Note 6) 

V Package, Infrared, 1 5 seconds + SOO^C 

VF Package 

Vapor Phase (60 seconds) + 21 5“C 

Infrared (1 5 seconds) + 220®C 

Storage T emperature Range - Q5°C to + 1 EO^C 

Maximum Junction Temperature (Tjmax) 150®C 

Operating Ratings (Notes 1 , 2) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC1 2062BI V, ADC1 2062CIV, 

ADC12062BIVF,ADC12062CIVF -40‘’C ^ Ta ^ +85‘»C 
Supply Voltage Range (DVcc = AVcc) 4.5V to 5.5V 
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DyndmiC Chdrsctcristics (Note 10) The following specifications apply for DVcc = AVcc = +5V, 
Vref+ (SENSE) = + 4.096V, Vref- (SENSE) = AGND, Rs = 25ft, f|N = 100 kHz, 0 dB from fullscale, and fs = 1 MHz, unless 
otherwise specified. Boldface limits appiy for Ta = Tj from Tumi TmaxI other limits Ta = Tj = +25'’C. 


Parameter 

Conditions 


■B 

Units 

(Limit) 


Signal-to-Noise Plus 
Distortion Ratio 

Turn toTiiAX 

71 

68.0 

dB (min) 


Signal-to-Noise Ratio 
(Note 11) 

Thin Tmax 

72 

69.5 

dB (min) 

THD 

Total Harmonic Distortion 
(Note 12) 

Ta = +25"C 

Twin *o Tmax 

-82 

-74 

-70 

dBc (max) 
dBc (max) 


Effective Number of Bits 
(Note 13) 

Tmin to Tmax 

11.5 

11.0 

Bits (min) 

IMD 

Intermodulation Distortion 

f|N = 102.3 kHz, 102.7 kHz 

-80 


dBc 

DC Electrical Characteristics The following specifications apply for dvcc = avcc = +5v, 

Vref+ (SENSE) = + 4.096V, Vref-(SENSE) = AGND, and fs = 1 MHz, unless otherwise specified. Boldface limits apply 
for Ta = Tj from Tmin to Tmaxi all other limits Ta = Tj = +25°C. 

Symbol 

Parameter 

Conditions 

Typ 

(Note?) 

Limit 
(Note 8) 

Units 

(Limit) 

V|N(1) 

Logical “1” Input Voltage 

DVee = AVee = +5.5V 


2.0 

V (min) 

VlN(O) 

Logical “0” Input Voltage 

DVee = AVee = +4.5V 


0.8 

V (max) 

l|N(1) 

Logical “1” Input Current 


0.1 

1.0 

julA (max) 

l|N(0) 

Logical “0” Input Current 


0.1 

1.0 

fxA (max) 

V0UT(1) 

Logical “1” Output Voltage 

DVee = AVee = +4.5V, 
•out —360 /jtA 
•out == - 1 00 fiA 


H[ 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

DVee = AVee = +4.5V, 
Iqut = 1 .6 mA 




loUT 

TRI-STATE® Output 

Leakage Current 

Pins DB0-DB11 

0.1 

3 

fiA (max) 

CoUT 

TRI-STATE Output Capacitance 

Pins DB0-DB11 

5 


PF 

C|N 

Digital Input Capacitance 


4 


PF 

Dice 

DVee Supply Current 


• 2 

3 

mA (max) 

Alec 

AVee Supply Current 


10 

12 

mA (max) 

•standby 

Standby Current (Dice + Alec) 

PD = OV 

20 


jliA 

% 
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AC Electrical Characteristics The following specifications apply for DVcc = AVcc = +5V, 
Vref+ (SENSE) = + 4.096V, Vref- (SENSE) = AGND, and fg = 1 MHz, unless otherwise specified. Boldface limits apply 
for Ta = Tj from Tifiiii to Tmax; all other limits Ta ==, Tj = +25“C. 


Symbol 

Parameter 

Conditions 

Typ 

(Note?) 

Limit 
(Note 8) 

Units 

(Limits) 

fs 

Maximum Sampling Rate 
(1 /^throughput) 



1 

MHz (min) 

tcONV 

Conversion Time 
(S/H Low to EOC High) 





tAD 

Aperture Delay 

(S/H Low to Input Voltage Held) 


20 


ns 

tS/H 

S/H Pulse Width 



5 

550 

ns (min) 
ns (max) 

tEOC 

S/H Low to EOC Low 




ns (min) 
ns (max) 

tACC 


. Cl = 100 pF 

10 

20 

ns (max) 

tlH. toH 

TRI-STATE Control 

High or OE Low to Databus TRI-STATE) 

Rl = Ik, Cl = 10 pF 


40 

ns (max) 

tiNTH 


Cl=100pF . 

35 

60 

ns (max) 

tiNTL 

Delay from EOC High to I NT Low 

Cl=100pF 

-25 

-35 

-10 

ns (min) 
ns (max) 

^UPDATE 

EOC High to New Data Valid 


5 

15 

ns (max) 

tMS 

Multiplexer Address Setup Time 
(MUX Address Valid to EOC Lqw) 



50 

ns (min) 

^MH 

Multiplexer Address Hold Time 
(EOC Low to MUX Address Invalid) 



50 

ns (min) 

tcSs 

CS Setup Time 

(CS Low to ^ Low, S/H Low, or OE High) 



20 

ns (min) 


CS Hold Time 

(CS High after RD High, S/H High, or OE Low) 



20 

ns (min) 

twu 

Wake-Up Time 

(PD High to First S/H Low) 


1 


JLLS 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance, limits, however. For guaranteed specifications and test conditions, see the Eiectrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditions. 

Note 2: All voltages are measured with respect to GND (GND = AGND = DGND), unless othenwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > Vcc) the absolute value of current at that pin should be 
limited to 25 mA or less. The 50 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 25 mA to 
two. 

Note 4; The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja and the ambient temperature Ta. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ TA)/djA or the number given in the Absolute Maximum Ratings, whichever is lower. 0 ja for the V 
(PLCC) package is 55'’C/W. 0 ja for the VF (PQFP) package is 62'’C/W. In most cases the maximum derated power dissipation will be reached only during fault 
conditions. 
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Note 5: Human body model, 100 pF discharged through a 1.5 kfl resistor. Machine model ESD rating is 200V, 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability" or the section titled “Surface Mount” found in a current National 

Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Typicals are at +25*0 and represent most likely parametric norm. 

Note 8: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 9: Integral Linearity Error is the maximum deviation from a straight line between the measured o\\sq\. and full scale endpoints. 

Note 10: Dynamic testing of the ADC12062 is done using the ADC IN input. The input multiplexer adds harmonic distortion at high frequencies. See the graph in the 
Typical Performance Characteristics section for a typical graph of THD performance vs input frequency with and without the input multiplexer. 

Note 1 1: The signal-to-noise ratio is the ratio of the signal amplitude to the background noise level. Harmonics of the input signal are not included in its calculation. 
Note 12: The contributions from the first nine harmonics are used in the calculation of the THD. 

Note 13: Effective Number of Bits (ENOB) is calculated from the measured signal-to-noise plus distortion ratio (SINAD) using the equation ENOB = (SINAD - 
1.76)/6.02. 

Note 14: The digital power supply current takes up to 10 seconds to decay to its final value after PD is pulled low. This prohibits production testing of the standby 
current. Some parts may exhibit significantly higher standby currents than the 20 jxA typical. 

Note 15: Power Supply Sensitivity is defined as the change in the Offset Error or the Full Scale Error due to a change in the supply voltage. 


TRI-STATE Test Circuit and Waveforms 



RD ADC 



RD 1 ADC 
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CONVERSION TIME (tcoNv) DIGITAL SUPPLY CURRENT (rtiA) OFFSET AND FULLSCALE ERROR CHANGE (LSB) 


Typical Performance Characteristics 


Offset and Fullscale 
Error Change vs 
Reference Voltage 

— — — ' — I — ' — ^ — 

DVcc = AVcc = 5 0V 

^T, = 250C^_ 

V %ample = 1-omhz 


REFERENCE VOLTAGE, (Vref+)-(Vref-) (V) 

Digital Supply Current 
vs Temperature 



-55-35-15 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE (°C) 


Linearity Error Change 
vs Reference Voitage 



REFERENCE VOLTAGE, (Vref+)-(Vref-) (V) 

Analog Supply Current 
vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE (^C) 


Mux ON Resistance vs 
Input Voltage 



0.0 1.0 2.0 3.0 4.0 5.0 

ANALOG INPUT VOLTAGE (V) 

Current Consumption in 
Standby Mode vs Voltage 
on Digital Input Pins 


INPUT VOLTAGE (V) 


Conversion Time (tcoNv) 
vs Temperature 





55 -35-15 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE («C) 


EOC Deiay Time (tEoc) 
vs Temperature 





-55-35-15 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE (oc) 


Spectrai Response 


— fs=1MSPSt I I - 

f|l^ = 94 kHz, 0 dB from- 

fullscale 

_SNR: 71.3dB 

THD: -81.6dBc 
SINAD: 71.0dB 


FREQUENCY (kHz) 


SINAD vs Input Frequency 
(ADC IN) 


T^ = 25°C 
' ^SAMPLE = ' 

fm =0dB from fullscale_ 


SNR vs Input Frequency 
(ADC IN) 


Ta = 25°C 

'^SAMPLE" 1-0 MHz 
f,N = 0dB from fullscale 


THD vs Input Frequency 
(ADC IN) 


T^ = 25°C 
“ ^SAMPLE = 1-0 MHz 
fini = 0dB from fullscale_ 


f|N (kHz) 


f|N (kHz) 


f|N (kHz) 
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Typical Performance Characteristics (Continued) 


SINAD vs Input Frequency SNR vs Input Frequency THD vs Input Frequency 

(Through Mux) (Through Mux) (Through Mux) 



flN (kHz) f,N (kHz) (kHz) 


SNR and THD VS Source SNR and THD vs 

Impedance Reference Voltage 



SOURCE IMPEDANCE (fl) REFERENCE VOLTAGE, (Vr£p^.)-(Vr£[:_) (V) 
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Timing Diagrams 



FIGURE 1. Interrupt Interface Timing (MODE = 1, OE = 1) 






Timing Diagrams (Continued) 



FIGURE 2. High Speed Interface Timing (MODE = 1 , OE = 1 , US = 0, RD = 0) 



FIGURE 3. CS Setup and Hold Timing for S/H, RD, and OE 

Connection Diagrams 


MUX OUT H 11 
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32 
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16 
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29 
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28 
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Pin Descriptions 

AVcc These are the two positive analog supply 

inputs. They should always be connected 
to the same voltage source, but are 
brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed to AGND with a 
0.1 jliF ceramic capacitor in parallel with a 
1 0 juiF tantalum capacitor. 


DVcc 


AGND, 

DGND1, 

DGND2 


This is the positive digital supply input. It 
should always be connected to the same 
voltage as the analog supply, AVcc- It 
should be bypassed, to DGND2 with a 
0.1 fxF ceramic capacitor in parallel with a 
1 0 /xF tantalum capacitor. 

These are the power supply ground pins. 
There are separate analog and digital 
ground pins for separate bypassing of the 
analog and digital supplies. The ground 
pins should be connected to a stable, 
noise-free system ground. All of the 
ground pins should be returned to the 
same potential. AGND is the analog 
ground for the converter. DGND1 is the 
ground pin for the digital control lines. 
DGND2 is the ground return for the output 
databus. See Section 6.0 LAYOUT AND 
GROUNDING for more Information. 


DB0-DB11 
V|N1. V|N2 


MUX OUT 
ADC IN 


SO 


These are the TRI-STATE output pins, en- 
abled by RD, C§, and OE. 

These are the analog input pins to the mul- 
tiplexer. For accurate conversions, no in- 
put pin (even one that is not selected) 
should be driven more than 50 mV below 
ground or 50 mV above Vcc- 
This is the output of the on-board analog 
input multiplexer. 

This is the direct input to the 12-bit sam- 
pling A/D converter. For accurate conver- 
sions, this pin should not be driven more 
than 50 mV below AGND or 50 mV above 
AVcc- 

This pin selects the analog input that will 
be connected to the ADC12062 during the 
conversion. The input is selected based on 
the state of SO when EOC makes its high- 
to-low transition. Low selects Vini, high 
selects V|N 2 - 


MODE This pin should be tied to DVcc- 

CS This is the active low Chip Select control 

inp^t. When low, this pin enables the RD, 
S/H, and OE inputs. This pin can be tied 
low. 


INT 


EOC 


OE 


S/H 


PD 


This is the active low Interrupt output. 
When using the Interrupt Interface Mode 
(Figure 1), this output goes low when a 
conversion has been completed and indi- 
cates that the conversion result is avail- 
able in the output j^ches. This output is 
always high when RD is held low (Figure 
2 ). 

This is the End-of-Conversion control out- 
put. This output is low during a conversion. 
This is the active low Read control in put. 
When RD is low (and CS is low), the INT 
output is reset and (if OE Is high) data ap- 
pears on the data bus. This pin can be tied 
low. 

This is the active high Output Enable con- 
trol input. This pin can be thought of as an 
inverted version of the RD input (see Fig- 
ure 6). Data output pins DB0-DB11 are 
TRI-STATE when .OE is low. Data appears 
on DB0-DB11 only when OE is high and 
CS and RD are both low. This pin can be 
tied high. 

This is the Sample/Hold control input. The 
analog Input signal is held and a new con- 
version is initiated by the falling edge of 
this control input (when CS is low). 

This is the Power Down control input. This 
pin should be held high for normal opera- 
tion. When this pin is pulled low, the device 
goes into a low power standby mode. 


Vref+ (FORCE). These are the positive and negative volt- 
Vref- (FORCE) age reference force inputs, respectively. 

See Section 4, REFERENCE INPUTS, for 
more Information. 


Vref+ (SENSE). These are the positive and negative volt- 
Vref- (SENSE) age reference sense pins, respectively. 

See Section 4, REFERENCE INPUTS, for 
more information. 

Vref/ 16 This pin should be bypassed to AGND with 
a 0.1 jllF ceramic capacitor. 

TEST This pin should be tied to DVcc- 
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Functional Description 

The ADC12062 performs a 12-bit analog-to-digital conver- 
sion using a 3 step flash technique. The first flash deter- 
mines the six most significant bits, the second flash gener- 
ates four more bits, and the final flash resolves the two least 
significant bits. Figure 4 shows the major functional blocks 
of the converter. It consists of a 2y2-bit Voltage Estimator,, a 
resistor ladder with two different resolution voltage spans, a 
sample/hold capacitor, a 4-bit flash converter with front end 
multiplexer, a digitally corrected DAC, and a capacitive volt- 
age divider. 

The resistor string near the center of the block diagram In 
Figure 4 generates the 6-bit and 10-bit reference voltages 
for the first two conversions. Each of the 1 6 resistors at the 
bottom of the string is equal to V 1024 of the total string resist- 
ance. These resistors form the LSB Ladder*^ and have a 
voltage drop of yio 24 of the total reference voltage (Vref+ 
- Vref-) across each of them. The remaining resistors 
form the MSB Ladder. It is comprised of eight groups of 
eight resistors each connected in series (the lowest MSB 
ladder resistor is actually the entire LSB ladder). Each MSB 
Ladder section has ys of the total reference voltage across 
it. Within a given MSB ladder section, each of the eight MSB 
resistors has of the total reference voltage across it. Tap 
points are found between all of the resistors in both the 
MSB and LSB ladders. The Comparator Multiplexer can 
connect any of these tap points, in two adjacent groups of 
eight, to the sixteen comparators shown at the right of 
Figure 4. This function provides the necessary reference 
voltages to the comparators during the first two flash con- 
versions. 

The six comparators, seven-resistor string (Estimator DAC 
ladder), and Estimator Decoder at the left of Figure 4 form 
*Note: The weight of each resistor on the LSB ladder is actually equivalent 
to four 12-bit LSBs. It Is called the LSB ladder because it has the 
highest resolution of all the ladders in the converter. 


the Voltage Estimator. The Estimator DAC, connected be- 
tween Vref+ and Vref-. generates the reference volt- 
ages for the six Voltage Estimator comparators. The com- 
parators perform a very low resolution A/D conversion to 
obtain an “estimate” of the input voltage. This estimate is 
used to control the placement of the Comparator Multiplex- 
er, Connecting the appropriate MSB ladder section to the 
sixteen flash comparators. A total of only 22 comparators (6 
in the Voltage Estimator and 16 in the flash converter) is 
required to quantize the Input to 6 bits, instead of the 64 that 
would be required using a traditional 6-bit flash. 

Prior to a conversion, the Sample/Hold switch Is closed, 
allowing the voltage on the S/H capacitor to track the input 
voltage. Switch 1 is in position 1. A conversion begins by 
opening the Sample/Hold switch and latching the output of 
the Voltage Estimator. The estimator decoder then selects 
two adjacent banks of tap points along the MSB ladder. 
These sixteen tap points are then connected to the sixteen 
flash converters. For example, if the input voltage is be- 
tween 5/16 and yie of Vref (Vref = Vref+ - Vref-), the 
estimator decoder instructs the comparator multiplexer to 
select the sixteen tap points between % and % and 
%g) of Vref and connects them to the sixteen comparators. 
The first flash conversion Is now performed, producing the 
first 6 MSBs of data. 

At this point. Voltage Estimator errors as large as y^s of 
Vref will be corrected since the comparators are connect- 
ed to ladder voltages that extend beyond the range speci- 
fied by the Voltage Estimator. For example, if (yi6)VREF 
< ViN < (yi6)VREF. the Voltage Estimator’s comparators 
tied to the tap points below (y,6)VREF will output "T’s 
(0001 11). This is decoded by the estimator decoder to “10”. 
The 16 comparators will be placed on the MSB ladder 


Hold 
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tap points between (y8)VREF and (y8)VREF- This overlap of 
(ViejVREF will automatically cancel a Voltage Estimator er- 
ror of up to 256 LSBs. If the first flash conversion deter- 
mines that the input voltage is between (y8)VREF and 
((y8)VREF “ LSB/2), the Voltage Estimator’s output code 
will be corrected by subtracting "1”, resulting in a corrected 
value of “01 ” for the first two MSBs. If the first flash conver- 
sion determines that the input voltage is between (y8)VREF 
- LSB/2) and (y8)VREF. the voltage estimator’s output 
code is unchanged. 

The results of the first flash and the Voltage Estimator’s 
output are given to the factory-programmed on-chip 
EEPROM which returns a correction code corresponding to 
the error of the MSB ladder at that tap. This code is convert- 
ed to a voltage by the Correction DAC. To generate the next 
four bits, SW1 is moved to position 2, so the ladder voltage 
and the correction voltage are subtracted from the input 
voltage. The remainder is applied to the sixteen flash con- 
verters and compared with the 1 6 tap points from the LSB 
ladder. 

The result of this second conversion is accurate to 1 0 bits 
and describes the input remainder as a voltage between two 
tap points (Vr and VJ on the LSB ladder. To resolve the 
last two bits, the voltage across the ladder resistor (between 
Vr and V|J is divided up into 4 equal parts by the capacitive 
voltage divider, shown in Figure 5. The divider also creates 
6 LSBs below Vl and 6 LSBs above Vr to provide overlap 
used by the digital error correction. SW1 is moved to posi- 
tion 3, and the remainder is compared with these 16 new 
voltages. The output is combined with the results of the 


Voltage Estimator, first flash, and second flash to yield the 
final 12-bit result. 

By using the same sixteen comparators for all three flash 
conversions, the number of comparators needed by the 
multi-step converter is significantly reduced when compared 
to standard multi-step techniques. 

Applications Information 

1.0 MODES OF OPERATION 

The ADC12062 has two interface modes: An interrupt/read 
mode and a high speed mode. Figures 1 and 2 show the 
timing diagrams for these interfaces. 

]n_order to clearly show the relationship between S/H, CS, 
RD, and OE, the control logic decoding section of the 
ADC12062 is shown in Figure 6. 

Interrupt Interface 

As shown in Figure 1, the falling edge of S/H holds the input 
voltage and initiates a conversion. At the end of the conver- 
sion, the EOC output goes high and the InT output goes 
low, indicating that the conversion results are latched and 
may be read by pulling RD l^. The falling edge of ^ r^ 
sets the INT line. Note that ^ must be low to enable S/H 
or RD. 

High Speed Interface 

This is the fastest interface, shown in Figure 2. Here the 
output data is always present on the databus, and the INT to 
RD delay Is eliminated. 



TL/H/1 1490-15 


FIGURE 5. The Capacitive Voltage Divider 
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TL/H/1 1490-16 


2.0 THE ANALOG INPUT 

The analog input of the ADC1 2062 can be modeled as two 
small resistances in series with the capacitance of ^e input 
hold capacitor (C|n), as shown in Figure 7. The S/H switch 
is closed during the Sample period, dnd open during Hold. 
The source has to charge Cin to the input voltage within the 
sample period. Note that the source impedance of the input 
voltage (Rsource) has a direct effect on the time It takes to 
charge Cin- If Rsource is too large, the voltage across C|n 
will not settle to within 0.5 LSBs of VsouRCE before the 
conversion begins, and the conversion results will be incor- 
rect. From a dynamic performance viewpoint, the combina- 
tion of RsourcEi RmuXi Rsw- s^d Cin form a low pass 
filter. Minimizing Rsource will Increase the frequency re- 
sponse of the input stage of the converter. 

Typical values for the components shown in Figure 7 are: 
i^MUX ~ 100n, Rsw 100il, and C|n = 25 pF. The set- 
tling time to n bits is: 

^SETTLE = (Rsource + Rmux + Rsw) * C|n * n * in (2). 
The bandwidth of the Input circuit is: 

^- 3 dB = 1/(2 * 3.14 * (Rsource -i- Rmux + Rsw) * Qn) 


For maximum performance, the impedance of the source 
driving the ADC12062 should be made as small as possible. 
A source impedance of lOOfl or less is recommended. A 
plot of dynamic performance vs. source impedance Is given 
in the Typical Performance Characteristics section. 

If the signal source has a high output impedance, its output 
should be buffered with an operational amplifier capable of 
driving a switched 25 pF/IOOH load. Any ringing or instabili- 
ties at the op amp’s output during the sampling period can 
result in conversion errors. The LM6361 high speed op amp 
is a good choice for this application due to its speed and its 
ability to drive large capacitive loads. Figure 8 shows the 
LM6361 driving the ADC IN input of an ADC12062. The 
100 pF capacitor at the input of the converter absorbs some 
of the high frequency transients generated by the S/H 
switching, reducing the op amp transient response require- 
ments. The 1 00 pF capacitor should only be used with high 
speed op amps that are unconditionally stable driving ca- 
pacitive loads. 



FIGURE 7. Simplified ADC12062 Input Stage 
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FIGURE 8. Buffering the Input with an LM6361 High Speed Op Amp 


Another benefit of using a high speed buffer is improved 
THD performance when using the multiplexer of the 
ADC12062. The MUX on-resistance is somewhat non-linear 
over input voltage, causing the RC time constant formed by 
C|N, Rmux. and Rsw to vary depending on the input voltage. 
This results in increasing THD with increasing frequency. 
Inserting the buffer between the MUX OUT and the ADC IN 
terminals as shown in Figure 8 will eliminate the loading on 
Rmux. significantly reducing the THD of the multiplexed sys- 
tem. 

Correct converter operation will be obtained for input volt- 
ages greater than AGND - 50 mV and less than AVcc + 


50 mV. Avoid driving the signal source more than 300 mV 
higher than AVcc. or more than 300 mV below AGND. If an 
analog input pin is forced beyond these voltages, the cur- 
rent flowing through that pin should be limited to 25 mA or 
less to avoid permanent damage to the IC. The sum of all 
the overdrive currents into all pins must be less than 50 mA. 
When the input signal is expected to extend more than 
300 mV beyond the power supply limits for any reason (un- 
known/uncontrollable input voltage range, power-on tran- 
sients, fault conditions, etc.) some form of input protection, 
such as that shown in Figure 9, should be used. 


+ 5V 



TL/H/11490-19 

FIGURE 9. Input Protection 
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3.0 ANALOG MULTIPLEXER 

The ADC12062 has an input multiplexer that is controlled by 
the logic level on pin SO when EOC goes low, as shown In 
Figures 1 and iMVIultiplexer setup and hold times with re- 
spect to the S/H input can be determined by these two 
equations: 

tMS(wrtS/H) = tMS “ tEOC (min) = 50 - 60 = -10 ns 
tMH(wrtS/H) = tMH + tEOC(max) “ 50 + 125 = 175 ns 
Note that tMS (wrt S/H) is a negative number; this indicates 
th^the data on SO must become valid within 10 ns after 
S/H goes low in order to meet the setup time requirements. 
SO must be valid for a length of 

(tMH + tEOC(max)) “ (tMS “ tEOC(min)) = 185 ns. 
Table I shows how the Input channels are assigned: 

TABLE 1. ADC12062 Input 
Multiplexer Programming 


SO 

Channel 

0 

V|N1 

1 

V|N2 


The output of the multiplexer is available to the user via the 
MUX OUT pin. This output allows the user to perform addi- 
tional signal processing, such as filtering or gain, before the 


signal is returned to the ADC IN input and digitized. If no 
additional signal processing is required, the MUX OUT pin 
should be tied directly to the ADC IN pin. 

See Section 9.0 (APPLICATIONS) for a simple circuit that 
will alternate between the two inputs while converting at full 
speed. 

4.0 REFERENCE INPUTS 

In addition to the fully differential Vref-i- snd Vref- refer- 
ence inputs used on most National Semiconductor ADCs, 
the ADC12062 has two sense outputs for precision control 
of the ladder voltage. These sense inputs compensate for 
errors due to IR drops between the reference source and 
the ladder itself. The resistance of the reference ladder is 
typically 750ft. The parasitic resistance (Rp) of the package 
leads, bond wires, PCS traces, etc. can easily be 0.5ft to 
1 .0ft or more. This may not be significant at 8-bit or 1 0-bit 
resolutions, but at 12 bits it can introduce voltage drops 
causing offset and gain errors as large as 6 LSBs. 

The ADC12062 provides a means to eliminate this error by 
bringing out two additional pins that sense the exact voltage 
at the top and bottom of the ladder. With the addition of two 
op amps, the voltages on these internal nodes can be 
forced to the exact value desired, as shown in Figure 10. 



FIGURE 10. Reference Ladder Force and Sense Inputs 
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Since the current flowing through the SENSE lines is essen- 
tially zero, there Is negligible voltage drop across Rs and the 
1 kfi resistor, so the voltage at the inverting input of the op 
amp accurately represents the voltage at the top (or bot- 
tom) of the ladder. The op amp drives the FORCE input and 
forces the voltage at the ends of the ladder to equal the 
voltage at the op amps’s non-inverting input, plus or minus 
its Input offset voltage. For this reason op amps with low 
Vqs. such as the LM627 or LM607, should be used for this 
application. When used in this configuration, the ADC1 2062 
typically has less than 0.5 LSB of offset and gain error with- 
out any user adjustments. 

The 0.1 jaF and 10 julF capacitors on the force inputs pro- 
vide high frequency decoupling of the reference ladder. The 
500n force resistors isolate the op amps from this large 
capacitive load. The 0.01 ju,F/1 kH network provides zero 
phase shift at high frequencies to ensure stability. Note that 
the op amp supplies in this example must be ± 10V to 
± 1 5V to meet the Input/output voltage range requirements 
of the LM627 and supply the sub-zero voltage to the 
Vref- (FORCE) pin. The Vref/16 output should be by- 
passed to analog ground with a 0.1 jllF ceramic capacitor. 


The reference inputs are fully differential and define the 
zero to full-scale range of the input signal. They can be 
configured to span up to 5V (Vref- = OV, Vref+ = 5V), 
or they can be connected to different voltages (within the 
OV to 5V limits) when other input spans are required. The 
ADC12062 is tested at Vref- (SENSE) “ OV, Vref+ 
(SENSE) = 4.096V. Reducing the reference voltage span to 
less than 4V increases the sensitivity (reduces the LSB size) 
of the converter; however noise performance degrades 
when lower reference voltages are used. A plot of dynamic 
performance vs reference voltage Is given in the Typical 
Performance Characteristics section. 

If the converter will be used in an application where DC 
accuracy is secondary to dynamic performance, then a sim- 
pler reference circuit may suffice. The circuit shown in Fig- 
ure 11 will introduce several LSBs of offset and gain error, 
but INL, DNL, and all dynamic specifications will be unaf- 
fected. 

All bypass capacitors should be located as close to the 
ADC12062 as possible to minimize noise on the reference 
ladder. The Vref/ 1 6 output should be bypassed to analog 
ground with a 0.1 juF ceramic capacitor. 

The LM4040 shunt voltage reference is available with a 
4.096V output voltage. With initial accuracies as low as 
±0.1 %, it makes an excellent reference for the ADC12062. 



FIGURE 1 1. Using the Vref Force Pins Only 
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5.0 POWER SUPPLY CONSIDERATIONS 

The ADC12062 is designed to operate from a single +5V 
power supply. There are two analog supply pins (AVcc) and 
one digital supply pin (DVcc)- These pins allow separate 
external bypass capacitors for the analog and digital por- 
tions of the circuit. To guarantee proper operation of the 
converter, all three supply pins should be connected to the 
same voltage source. In systems with separate analog and 
digital supplies, the converter should be powered from the 
analog supply. 

The ground pins are AGND (analog ground), DGND1 (digital 
input ground), and DGND2 (digital output ground). These 
pins allow for three separate ground planes for these sec- 
tions of the chip. Isolating the analog section from the two 
digital sections reduces digital interference in the analog cir- 
cuitry, improving the dynamic performance of the converter. 
Separating_Uie digital outputs from the digital inputs (particu- 
larly the S/H input) reduces the possibility of ground bounce 
from the 12 data lines causing jitter on the S/H input. The 
analog ground plane should be connected to the Digital2 
ground plane at the ground return for the power supply. The 
Digital 1 ground plane should be tied to the Digital2 ground 
plane at the DGND1 and DGND2 pins. 

Both AVcc pins should be bypassed to the AGND ground 
plane with 0.1 juiF ceramic capacitors. One of the two AVcc 
pins should also be bypassed with a 10 jaF tantalum capaci- 
tor. DVcc should be bypassed to the DGND2 ground plane 
with a 0.1 ]liF capacitor in parallel with a 10 jiiF tantalum 
capacitor. 

6.0 LAYOUT AND GROUNDING 

In order to ensure fast, accurate conversions from the 
ADC1 2062, it is necessary to use appropriate circuit board 
layout techniques. Separate analog and digital ground 
planes are required to meet datasheet AC and DC limits. 
The analog ground plane should be low-impedance and free 
of noise from other parts of the system. 

All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean analog ground return 
point. Grounding the component at the wrong point will re- 
sult in increased noise and reduced conversion accuracy. 
Figure 12 gives an example of a suitable layout, including 
power supply routing, ground plane separation, and bypass 
capacitor placement. All analog circuitry (input amplifiers, . 
filters, reference components, etc.) should be placed on the 
analog ground_plane. All digital circuitry and I/O lines (ex- 
cluding the S/H input) should use the digital2 ground plane 
as ground^The digitall ground plane should only be used 
for the S/H signal generation. 


From Power Supply 


+5V Ground 



7.0 DYNAMIC PERFORMANCE 

The ADC1 2062 is AC tested and its dynamic performance is 
guaranteed. In order to meet these specifications, the clock 
source driving the S/H input must be free of jitter. For the 
best AC performance, a crystal oscillator is recommended. 
For operation at or near the ADC12062’s 1 MHz maximum 
sampling rate^a 1 MHz squarewave will provide a good sig- 
nal for the S/H input. As long as the duty cycle is near 50%, 
the waveform will be low for about 500 ns, which is within 
the 550 ns limit. When operating the ADC12062 at a_sample 
rate of 910 kHz or below* the pulse width of the S/H signal 
must be smaller than half the sample period. 


+5V Digital 



Figure 13 is an example of a low jitter S/H pulse generator 
that can be used with the ADC12062 and allow operation at 
sampling rates from DC to 1 MHz. A standard 4-pin DIP 
crystal oscillator provides a stable 1 MHz squarewave. 
Since most DIP oscillators have TTL outputs, a 4.7k pullup 
resistor is used to raise the output high voltage to CMOS 
input levels. The output is fed to the trigger input (falling 
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edge) of an MM74HC4538 one-shot. The 1k resistor and 12 
pF capacitor set the pulse length to approximately 1 00 ns. 
The S/H pulse stream for the conv^er appears on the Q 
output of the HC4538. This is the S/H clock generator used 
on the ADC12062EVAL evaluation board. For lower power, 
a CMOS inverter-based crystal oscillator can be used in 
place of the DIP crystal oscillator. See Application Note 
AN-340 in the National Semiconductor CMOS Logic Data- 
book for more information on CMOS crystal oscillators. 

8.0 COMMON APPLICATION PITFALLS 
Driving inputs (analog or digital) outside power supply 
rails. The Absolute Maximum Ratings state that all inputs 
must be between GND - 300 mV and Vcc + 300 mV. This 
rule Is most often broken when the power supply to the 


converter is turned, off, but other devices connected to It (op 
amps, microprocessors) still have power. Note that if there 
is no power to the converter, DGND = AGND = DVcc = 
AVcc = OV, so all inputs should be within ±300 mV of 
AGND and DGND. 

Driving a high capacitance digital data bus. The more 
capacitance the data bus has to charge for each conver- 
sion, the more Instantaneous digital current required from 
DVcc and DGND. These large current spikes can couple 
back to the analog section, decreasing the SNR of the con- 
verter. While adequate supply bypassing and separate ana- 
log and digital ground planes will reduce this problem, buff- 
ering the digital data outputs (with a pair of MM74HC541S, 
for example) may be necessary if the converter must drive a 
heavily loaded databus. 


9.0 APPLICATIONS 


2’s Complement Output 



Ping-Ponging between V|ni and V|N2 


inr 



p Q 

I PR 
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AC Coupling Bipolar Inputs 






National Semiconductor 


ADC12662 

12-Bit, 1.5 MHz, 200 mW A/D Converter 
with Input Multiplexer and Sample/Hold 


General Description 

Using an innovative multistep conversion technique, the 
12-bit ADC12662 CMOS analog-to-digital converter digitizes 
signals at a 1 .5 MHz sampling rate while consuming a maxi- 
mum of only 200 mW on a single +5V supply. The 
ADC12662 performs a 12-bit conversion in three lower-res- 
olution “flash” conversions, yielding a fast A/D without the 
cost and power dissipation associated with true flash ap- 
proaches. 

The analog input voltage to the ADC12662 is tracked and 
held by an internal sampling circuit, allowing high frequency 
input signals to be accurately digitized without the need for 
an external sample-and-hold circuit. The ADC1 2662 feature 
two sample-and-hold/flash comparator sections which al- 
low the converter to acquire one sample while converting 
the previous. This pipelining technique increases conver- 
sion speed without sacrificing performance. The multiplexer 
output is available to the user in order to perform additional 
external signal processing before the signal is digitized. 
When the converter is not digitizing signals, it can be placed 
in the Standby mode; typical power consumption In this 
mode is 250 /xW. 


Features 

■ Built-in sample-and-hold 

■ Single + 5V supply 

■ Single channel or 2 channel multiplexer operation 

■ Low Power Standby mode 


Key Specifications 

■ Sampling rate 

■ Conversion time 

■ Signal-to-Noise Ratio, f|N = 100 kHz 

■ Power dissipation (fg = 1.5 MHz) 

■ No missing codes over temperature 


1.5 MHz (min) 
580 ns (typ) 

67.5 dB (min) 
200 mW (max) 

Guaranteed 


Applications 

■ Digital signal processor front ends 

■ Instrumentation 

■ Disk drives 

■ Mobile telecommunications 

■ Waveform digitizers 


ADC12662 Block Diagram 



+ + II 


AVcc DVcc 



SO DGND AGND CS S/H RD OE MODE PD 
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Ordering Information 


Industrial (-40°C ^ Ta ^ +85°) 

Package 

ADC12662CIV 

V44 Plastic Leaded Chip Carrier 

ADC12662CIVF 

VGZ44A Plastic Quad Flat Package 

ADC12062EVAL 

Evaluation Board 


2 
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Absolute Maximum Ratings (Notes 1 , 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc = DVcc = AVcc) -0.3V to +6V 
Voltage at Any Input or Output - 0.3V to Vcc + 0-3V 


Input Current at Any Pin (Note 3) 25 mA 

Package Input Current (Note 3) 50 mA 

Power Dissipation (Note 4) 

ADC12662CIV 875 mW 

ESD Susceptibility (Note 5) 2000V 


Soldering Information (Note 6) 

V Package, Infrared, 1 5 seconds + 300®C 


VF Package 

Vapor Phase (60 seconds) 

Infrared (15 seconds) 

Storage Temperature Range 
Maximum Junction Temperature (Tjmax) 


215‘’C 
220‘’C 
-65“Cto +150‘’C 
150‘‘C 


Operating Ratings (Notes 1 , 2) 

Temperature Range Tmin ^ Ta ^ Tmax 

ADC1 2662CI V, ADC1 2662CI VF - 40“C ^ Ta ^ + 85‘‘C 
Supply Voltage Range (DVcc = AVcc) 4.75V to 5.25V 


Converter Characteristics The following specifications apply for DVcc = AVcc = + 5V, Vref+ (SENSE) = 
+ 4.096V, Vref-(SENSE) = AGND, and fg = 1.5 MHz, unless otherwise specified. Boldface limits apply for Ta = Tj 
from Train TmaxI all othar limits Ta = Tj = +25“C. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 7) 

Limit 

(Noted) 

Units 

(Limit) 


Resolution 



12 

Bits 


Differential Linearity Error 

Train *oT|aax 

±0.4 

±0.95 

LSB (max) 


Integral Linearity Error 
(Note 9) 

Train foTRAAx 

±0.4 

±1.5 

LSB (max) 


Offset Error 

Train *®Traax 


±2.0 

LSB (max) 


Full-Scale Error 

Train to Traax 

±0.3 

±1.5 

LSB (max) 


Power Supply Sensitivity 
(Note 15) 

DVcc = AVcc = 5V ±5% 


±0.75 

LSB (max) 

Rref 

Reference Resistance 



500 

1000 


Vref(+) 

Vref+ (SENSE) Input Voltage 



AVcc 


VrEF(-) 

Vref-(SENSE) Input Voltage 




V (min) 

V|N 

Input Voltage Range 

To V|Ni, V||vi 2 , or ADC IN 


AVcc + 0.05V 
AGND - 0.05V 

V (max) 

V (min) 


ADC IN Input Leakage 

AGNDtoAVcc-0.3V 

0.1 

3 


Cadc 

ADC IN Input Capacitance 


25 


PF 


MUX On-Channel Leakage 

AGNDtoAVcc-0.3V 

0.1 

3 



MUX Off-Channel Leakage 

AGND to AVcc - 0.3V 

0.1 

3 

jliA (max) 

Cmux 

Multiplexer Input Cap 


7 


pF 


MUX Off Isolation 

f|N = 100 kHz 

92 


dB 
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Dynamic Characteristics (Note 10) The following specifications apply for DVcc = AVcc = +5V, 
Vref + (SENSE) ~ + 4.096V, Vref- (SENSE) ~ AGND, Rs = 25ft, f||sj = 100 kHz, 0 dB from fullscale, and fs = 1.5 MHz, unless 
otherwise specified. Boldface limits apply for Ta = Tj from Tmni to Tmax! other limits Ta = Tj = +25°C. 


Symbol 

Parameter 

Conditions 

Typ 

(Note?) 

Limit 
(Note 8) 

Units 

(Limit) 

SINAD 

Signal-to-Noise Plus 

Distortion Ratio 

TmIM Tmax 

70 

67.0 


SNR 

Signal-to-Noise Ratio 
(Note 11) 


70 


dB (min) 

THD 

Total Harmonic Distortion 
(Note 12) 

TmIN toTiiAX 

-80 

-70 

dBc (max) 

ENOB 

Effective Number of Bits 
(Note 13) 

TmIN to tMAX 

11.3 

10.8 

Bits (min) 

IMD 

Intermodulation Distortion 

f|N = 88.7 kHz, 89.5 kHz 

-80 


dBc 


DC Eiectrical Characteristics The following specifications apply for DVcc = AVcc = + 5V, 
Vref + (SENSE) = + 4.096V, Vref- (SENSE) = AGND, and fg = 1.5 MHz, unless othenvise specified. Boldface limits apply 
for Ta = Tj from Tmii to TmaxI sill other limits Ta = Tj = +25®C. 


Symboi 

Parameter 

Conditions 



Units 

(Limit) 

V|N(1) 

Logical “1” Input Voltage 

DVcc = AVcc = +5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

DVcc = AVcc = +4.5V 


0.8 

V(max) 

l|N(1) 

Logical “1” Input Current 


0.1 

1.0 

fiA (max) 

l|N(0) 

Logical “0” Input Current 


0.1 

1.0 

fiA (max) 

V0UT(1) 

Logical “1” Output Voltage 

DVcc = AVcc = +4.5V, 
■out == -360 fiA 
■out = -100 jitA 


2.4 

4.25 

V (min) 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

DVcc = AVcc = +4.5V, 
■out =1-6 mA 


0.4 

V (max) 

Iqut 

TRI-STATE Output 

Leakage Current 

Pins DB0-DB11 

0.1 

3 

juA (max) 


TRI-STATE Output Capacitance 

Pins DB0-DB11 

5 


PF 


Digital Input Capacitance 


4 


PF 


DVcc Supply Current 


2 

3 

mA (max) 

EB 

AVcc Supply Current 


32 

37 

mA (max) 

■standby 

Standby Current (Dice + Alec) 

PD = 0V 

50 


jjlA 
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AC Electrical Characteristics The following specifications apply for DVcc = AVcc = +5V, 
Vref+(sense) = +4.096V, Vref-(SENSE) = AGND, and fg = '1.5 MHz, unless otherwise specified. Boldface limits apply 
for Ta = Tj from Tmin all other limits Ta = Tj = + 25“C. 


Symbol, 

Parameter 

Conditions 

Typ 

(Note 7) 

Limit 

(Notes) 

Units 

(Limits) 

fs 

Maximum Sampling Rate 
(1/tTHROUGHPUT) 



1.5 

MHz (min) 

tcONV 

Conversion Time 
(S/H Low to EOCHigh) 


580 

510 

660 

ns (min) 
ns (max) 

tAD 

Aperture Delay 

(S/H Low to Input Voltage Held) ' 


20 


ns 

ts/H 

S/H Pulse Width 


10 

5 

400 

ns (min) 
ns (max) 

tEOC 

S/H Low to EOC Low 


90 

60 

126 

ns (min) 
ns (max) 

tACC 

Access Time 

(TO Low or OE High to Data Valid) 

Cl = 100 pF 

10 

20 

ns (max) 

tiH.tOH 

TRi-STATE® Control 

(RD High or OE Low to Databus TRI-STATE) 

Rl = I k, Cl = 10 pF 

25 

40 

ns (max) 

tihiTH 

Delay from RD Low to InT High 

Cl=100pF 

35 

60 

ns (max) 

tiNTL 

Delay from EOC High to TIVT Low 

Cl=100pF 


-35 

-10 

ns (min) 
ns (max) 

tUPDATE 

EOC High to New Data Valid 


5 

15 

ns (max) 

tMS 

Multiplexer Address Setup Time 
(MUX Address Valid to EOC Low) 



50 

ns (min) 

tMH 

Multiplexer Address Hold Time 
(EOC Low to MUX Address Invalid) 



50 

ns (min) 

tcss 

CS Setup Time 

(^ Low to TO Low, S/H Low, or QE High) 



20 

ns (min) 

tCSH 

^ Hold Time 

(^ High after RD High, S/H High, or OE Low) 



20 

ns (min) 

twu 

Wake-Up Time 

(PD High to First S/H Low) 


1 

, 

flS 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditions. ' • 

Note 2: Ali voltages are measured with respect to GND (GND = AGND = DGND), unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > Vcc) the absolute value of current at that pin should be 
limited to 25 mA or less. The 50 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 25 mA to 
two. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja and the ambient temperature Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/^JA or the number given in the Absolute Maximum Ratings, whichever is lower. 0ja for the V 
(PLCC) package is 55*C/W. 0 ja for the VF (PQFP) package is 62‘’C/W. In most cases the maximum derated power dissipation will be reached only during fault 
conditions. 

Note 5: Human body model, 100 pF discharged through a 1.5 kfl resistor. Machine model ESD rating is 200V. 

Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 7: Typicals are at +25‘’C and represent most likely parametric norm. 

Note 8: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 
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Note 9: Integral Linearity Error is the maximum deviation from a straight line between the measured oi\se\ and fuil scale endpoints. 

Note 10: Dynamic testing of the ADC12662 is done using the ADC IN input. The input multiplexer adds harmonic distortion at high frequencies. See the graph in the 
Typical Performance Characteristics section for a typical graph of THD performance vs input frequency with and without the input multiplexer. 

Note 11: The signal-to-noise ratio is the ratio of the signal amplitude to the background noise level. Harmonics of the input signal are not included in its calculation. 
Note 12: The contributions from the first nine harmonics are used in the calculation of the THD. 

Note 13: Effective Number of Bits (ENOB) is calculated from the measured signal-to-noise plus distortion ratio (SINAD) using the equation ENOB = (SINAD - 
1.76)/6.02. 

Note 14: The digital power supply current takes up to 10 seconds to decay to its final value after PD is pulled low. This prohibits production testing of the standby 
current. Some parts may exhibit significantly higher standby currents than the 50 /lA typical. 

Note 15: Power Supply Sensitivity is defined as the change in the Offset Error or the Full Scale Error due to a change in the supply voltage. 

TRI-STATE Test Circuit and Waveforms 




DVcc 
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OFFSET AND FULLSCALE ERROR CHANGE (LSB) 



1 2 3 4 5 


REFERENCE VOLTAGE, (Vj,ep+)-(VrefJ (V) 

Digital Supply Current 
vs Temperature 



REFERENCE VOLTAGE, (Vrep+)-(Vrep.) (V) 

Analog Supply Current 
vs Temperature 



ANALOG INPUT VOLTAGE (V) 

Current Consumption in 
Standby Mode vs Voltage 
on Digital Input Pins 


ll&l 

■111 

llliMl 

iiiin 

iiiiii 

linn 

IIIIII 

linn 


55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (OC) 


-55 -35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (^C) 


1 2 3 

INPUT VOLTAGE (V) 


Conversion Time (tcoNv) 
vs Temperature 



EOC Delay Time (teoc) 
vs Temperature 



SAMPLE = _ 

f|u = OdB from fullscale 



-^SAMPLE = ' 

fiu =0dB from fullscale 


Spectral Response 


fg = 1.6 MSPS 1 [— 

f||.j = 94kHz, OdB from 

fullscale 

_ SNR: 71.3dB 

THD: -78.1 dBc 
SINAD; -70.6 dB 


■55-35-15 5 25 45 65 85 105 125 

-55-35-15 5 25 45 65 85 105 125 

160 320 480 640 80 

80 240 400 560 720 

AMBIENT TEMPERATURE (®C) 

AMBIENT TEMPERATURE (^C) 

FREQUENCY (kHz) 

SINAD vs Input Frequency 

SNR vs Input Frequency 

THD vs Input Frequency 

(ADC In) 

(ADC In) 

(ADC in) 



fsAMPLE=1-5MHz 

fill = 0 dB from fullscale “ 
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Connection Diagrams 
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Pin Descriptions 

AVcc 


DVcc 


AGNb, 

DGND1. 

DGND2 


DB0-DB11 


V|N1. V|N2 


These are the two positive analog supply 
inputs. They should always be connected 
to the same voltage source, but are 
brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed to AGND with a 
0.1 juiF ceramic capacitor in parallel with a 
1 0 jLtP tantalum capacitor. 

This is the positive digital supply input. It 
should always be connected to the same 
voltage as the analog supply, AVcc- It 
should be bypassed to DGND2 with a 
0.1 julF ceramic capacitor in parallel with a 
1 0 jllF tantalum capacitor. 

These are the power supply ground pins. 
There are separate analog and digital 
ground pins for separate bypassing of the 
analog and digital supplies. The ground 
pins should be connected to a stable, 
noise-free system ground. All of the 
ground pins should be returned to the 
same potential. AGND is the analog 
ground for the converter. DGND1 Is the 
ground pin for the digital control lines. 
DGND2 is the ground return for the output 
databus. See Section 6.0 LAYOUT AND 
GROUNDING for more Information. 

These are the TRI-STATE output pins, en- 
abled by TO, CS, and OE. 

These are the analog Input pins to the mul- 
tiplexer. For accurate conversions, no in- 
put pin (even one that is not selected) 
should be driven more than 50 mV below 
ground or 50 mV above Vcc- 


MUX OUT 
ADC IN 

SO 


MODE 

CS 


INT 


EOC 

RD 


This is the output of the on-board analog 
input multiplexer. 

This is the direct input to the 12-bit sam- 
pling A/D converter. For accurate conver- 
sions, this pin should not be driven more 
than 50 mV below ground or 50 mV above 
Vcc- 

This pin selects the analog input that will 
be connected to the ADC12662 during the 
conversion. The input Is selected based on 
the state of SO when EOC makes Its hlgh- 
to-low transition. Low selects V|ni, high 
selects V|N2- 

This pin should be tied to DGND1. 

This is the active low Chip Select control 
inp^t. When low, this pin enables the 
S/H, and OE inputs. This pin can be tied 
low. 

This is the active low Interrupt output. 
When using the Interrupt Interface Mode 
(Figure 1), this output goes low when a 
conversion has been completed and Indi- 
cates that the conversion result is avail- 
able in the output j^ches. This output is 
always high when ^ is held low (Figure 
2 ). 

This is the End-of-Conversion control out- 
put. This output Is low during a conversion. 
This is the active low Read control in put. 
When RD is low (and CS is low), the INT 
output is reset and (if OE is high) data ap- 
pears on the data bus. This pin can be tied 
low. 
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Pin Descriptions (Continued) 

OE This is the active high Output Enable con- 

trol input. This pin can be thought of as an 
inverted version of the RD input (see Fig- 
ure 6). Data output pins DB0-DB11 are 
TRI-STATE when OE is low. Data appears 
on DB0-DB1 1 only when OE is high and 
CS and RD are both low. This pin can be 
tied high. 

S/H This is the Sample/ Hold control input. The 

analog input signal is held and a new con- 
version is initiated by the failing edge of 
this control input (when ^ is low). 

PD This is the Power Down control input. This 

pin should be held high for normal opera- 
tion. When this pin is pulled low, the device 
goes into a low power standby mode. 

Vref+ (FORCE). These are the positive and negative volt- 

Vref- (FORCE) age reference force inputs, respectively. 

See Section 4, REFERENCE INPUTS, for 
more information. 


Vref+ (SENSE). These are the positive and negative volt- 
Vref- (SENSE) age reference sense pins, respectively. 

See Section 4, REFERENCE INPUTS, for 
more information. 


Vref/ 16 This pin should be bypassed to AGND with 
a 0.1 juF ceramic capacitor. 

TEST This pin should be tied to DVcc- 

Functional Description 

The ADC12662 performs a 12-bit analog-to-digital conver- 
sion using a 3 step flash technique. The first flash deter- 
mines the six most significant bits, the second flash gener- 
ates four more bits, and the final flash resolves the two least 
significant bits. Figure 4 shows the major functional blocks 
of the converter. It consists of a 2y2-blt Voltage Estimator, a 
resistor ladder with two different resolution voltage spans, a 
sample/hold capacitor, a 4-bit flash converter with front end 
multiplexer, a digitally corrected DAC, and a capacitive volt- 
age divider. To pipeline the converter, there are two sam- 
ple/hold capacitors and 4-bit flash sections, which allows 
the converter to acquire the next input sample while con- 
verting the previous one. Only one of the flash converter 
pairs is shown In Figure 4 to reduce complexity. 


Hold 
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Functional Description (Continued) 

The resistor string near the center of the block diagram in 
Figure 4 generates the 6-bit and 1 0-bit reference voltages 
for the first two conversions. Each of the 1 6 resistors at the 
bottom of the string is equal to yio 24 of the total string resist- 
ance. These resistors form the LSB Ladder* and have a 
voltage drop of yio 24 of the total reference voltage (Vref+ 
- Vref-) across each of them. The remaining resistors 
form the MSB Ladder. It is comprised of eight groups of 
eight resistors each connected in series (the lowest MSB 
ladder resistor Is actually the entire LSB ladder). Each MSB 
Ladder section has % of the total reference voltage across 
it. Within a given MSB ladder section, each of the eight MSB 
resistors has Vga of the total reference voltage across it. Tap 
points are found between all of the resistors in both the 
MSB and LSB ladders. The Comparator Multiplexer can 
connect any of these tap points, in two adjacent groups of 
eight, to the sixteen comparators shown at the right of Fig- 
ure 4. This function provides the necessary reference volt- 
ages to the comparators during the first two flash conver- 
sions. 

*Note: The weight of each resistor on the LSB ladder is actually equivalent 
to four 12-bit LSBs. It is called the LSB ladder because it has the 
highest resolution of all the ladders in the converter. 

The six comparators, seven-resistor string (Estimator DAC 
ladder), and Estimator Decoder at the left of Figure 4 form 
the Voltage Estimator. The Estimator DAC, connected be- 
tween Vref+ and Vref-. generates the reference volt- 
ages for the six Voltage Estimator comparators. The com- 
parators perform a very low resolution A/D conversion to 
obtain an “estimate” of the input voltage. This estimate is 
used to control the placement of the Comparator Multiplex- 
er, connecting the appropriate MSB ladder section to the 
sixteen flash comparators. A total of only 22 comparators (6 
in the Voltage Estimator and 1 6 in the flash converter) is 
required to quantize the input to 6 bits, instead of the 64 that 
would be required using a traditional 6-bit flash. 


Prior to a conversion, the Sample/Hold switch is closed, 
allowing the voltage on the S/H capacitor to track the input 
voltage. Switch 1 is in position 1. A conversion begins by 
opening the Sample/Hold switch and latching the output of 
the Voltage Estimator. The estimator decoder then selects 
two adjacent banks of tap points along the MSB ladder. 
These sixteen tap points are then connected to the sixteen 
flash converters. For example, if the input voltage is be- 
tween 5 /i 6 and Vie of Vref (Vref = Vref+ - Vref-). the 
estimator decoder instructs the comparator multiplexer to 
select the sixteen tap points between % and % and 
®/i6) of Vref and connects them to the sixteen flash con- 
verters. The first flash conversion is now performed, produc- 
ing the first 6 MSBs of data. 

At this point. Voltage Estimator errors as large as Vie of 
Vref will be corrected since the flash converters are con- 
nected to ladder voltages that extend beyond the range 
specified by the Voltage Estimator. For example, if 
(yi6)VREF < V|N < (9 /i6)Vref. fhe Voltage Estimator’s com- 
parators tied to the tap points below (yi6)VREF will output 
“1”s (0001 11). This is decoded by the estimator decoder to 
“10”. The 16 comparators will be placed on the MSB ladder 
tap points between (y8)VREF and (5/8 )Vref- This overlap of 
(Vig^Vref will automatically cancel a Voltage Estimator er- 
ror of up to 256 LSBs. If the first flash conversion deter- 
mines that the input voltage is between (3/8 )Vref and 
((y8)VREF ” LSB/2), the Voltage Estimator’s output code 
will be corrected by subtracting “1”, resulting in a corrected 
value of “01 ” for the first two MSBs. If the first flash conver- 
sion determines that the input voltage is between 
(%)Vref “ LSB/2) and (y8)VREF. the voltage estimator’s 
output code is unchanged. 

The results of the first flash and the Voltage Estimator’s 
output are given to the factory-programmed on-chip 
EEPROM which returns a correction code corresponding to 
the error of the MSB ladder at that tap. This code is convert- 
ed to a voltage by the Correction DAC. To generate the next 
four bits, SW1 is moved to position 2, so the ladder 
voltage and the correction voltage are subtracted from the 
input voltage. The remainder is applied to the sixteen flash 
converters and compared with the 16 tap points from the 
LSB ladder. 


2 
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Functional Description (Continued) 

The result of this second conversion is accurate to 10 bits 
and describes the input remainder as a voltage between two 
tap points (Vh and VJ on the LSB ladder. To resolve the 
last two bits, the voltage across the ladder resistor (between 
Vh and Vl) is divided up into 4 equal parts by the capacitive 
voltage divider, shown in Figure 5. The divider also creates 
6 LSBs below Vl and 6 LSBs above Vh to provide overlap 
used by the digital error correction. SW1 is moved to posi- 
tion 3, and the remainder is compared with these 16 new 
voltages. The output is combined with the results of the 
Voltage Estimator, first flash, and second flash to yield the 
final 12-bit result. 

By using the same sixteen comparators for all three flash 
conversions, the number of comparators needed by the 
multi-step converter is significantly reduced when compared 
to standard multi-step techniques. 


Applications Information 

1.0 MODES OF OPERATION 

The ADC12662 has two interface modes: An interrupt/ read 
mode and a high speed mode. Figures 1 and 2 show the 
timing diagrams for these interfaces. 

In^rder to clearly show the relationship between S/H, 

RD, and OE, the control logic decoding section of the 
ADC1 2662 is shown in Figure 6. 

Interrupt Interface 

As shown in Figure 1, the falling edge of S/H holds the input 
voltage and initiates a conversion. At the end of the conver- 
sion, the EOC output goes high and the INT output goes 
low, indicating that the conversion results are latched and 
may be read by pulling RD 1^. The falling edge of RD r^ 
sets the INT line. Note that CS must be low to enable S/H 
or RD. 

High Speed Interface 

The Interrupt interface works well at lower speeds, but few 
microprocessors could keep up with the 1 jus interrupts that 
would be generated if the ADC12662 was running at full 
speed. The most efficient interface is shown in Figure 2. 
Here the output data is always present on the databus, and 
the TnT to RD delay is eliminated. 



FIGURE 5. The Capacitive Voltage Divider 


TL/H/1 1876-17 
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Applications Information (Continued) 

2.0 THE ANALOG INPUT 

The analog input of the ADC12662 can be modeled as two 
small resistances in series with the capacitance of the input 
hold capacitor (C|n), as shown in Figure 7. The S/H switch 
is closed during the Sample period, and open during Hold. 
The source has to charge C|n to the input voltage within the 
sample period. Note that the source impedance of the input 
voltage (Rsource) has a direct effect on the time it takes to 
charge C|n. If Rsource is too large, the voltage across Qn 
will not settle to within 0.5 LSBs of VsouRCE before the 
conversion begins, and the conversion results will be incor- 
rect. From a dynamic performance viewpoint, the combina- 
tion of Rsource* ^mux* Rsw* ^>^^1 C|n form a low pass 
filter. Minimizing Rsource will increase the frequency re- 
sponse of the input stage of the converter. 

Typical values for the components shown in Figure 7 are: 
Rmux “ 100fl, Rsw ~ 100fi, and C|n == 25 pF. The set- 
tling time to n bits is: 

tSETTLE = (^SOURCE + ^MUX + ^SW) * C|n * n * In (2). 
The bandwidth of the input circuit is: 

f- 3 dB = 1/(2 * 3.14 * (Rsource + Rmux + Rsw) * ^m) 
The ADC12662 is operated in a pipelined sequence, with 
one hold capacitor acquiring the next sample while a con- 
version is being performed on the voltage stored on the 
other hold capacitor. This gives the source over tcoNV sec- 
onds to charge the hold capacitor to its final value. At 
1.5 MHz, the settling time must be less than 667 ns. Using 
the settling time equation and component values given. 


the maximum source impedance that will allow the input to 
settle to y 2 LSB (n = 13) at full speed is —2.8 kn. To 
ensure y 2 LSB settling over temperature and device-to-de- 
vice variation, RsoURCE should be a maximum of 500a 
when the converter is operated at full speed. 

If the signal source has a high output impedance, its output 
should be buffered with an operational amplifier capable of 
driving a switched 25 pF/IOOfl load. Any ringing or instabili- 
ties at the op amp’s output during the sampling period can 
result in conversion errors. The LM6361 high speed op amp 
is a good choice for this application due to its speed and its 
ability to drive large capacitive loads. Figure 8 shows the 
LM6361 driving the ADC IN input of an ADC12662. The 100 
pF capacitor at the input of the converter absorbs_some of 
the high frequency transients generated by the S/H switch- 
ing, reducing the op amp transient response requirements. 
The 100 pF capacitor should only be used with high speed 
op amps that are unconditionally stable driving capacitive 
loads. 

Another benefit of using a high speed buffer is improved 
THD performance when using the multiplexer of the 
ADC12662. The MUX on-resistance is somewhat non-linear 
over input voltage, causing the RC time constant formed by 
C|N. Rmux. arid Rsw to vary depending on the input voltage. 
This results in increasing THD with increasing frequency. 
Inserting the buffer between the MUX OUT and the ADC IN 
terminals as shown in Figure 8 will eliminate the loading on 
Rmux. significantly reducing the THD of the multiplexed sys- 
tem. 


^SOURCE 




FIGURE 7. Simplified ADC12662 Input Stage 
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Input signal 
(Through Multiplexer) 


Input signal 
(DirecO ^ 



FIGURE 8. Buffering the Input with an LM6361 High Speed Op Amp 


Correct converter operation wili be obtained for input volt- 
ages greater than AG ND - 50 mV and less than AVcc + 
50 mV. Avoid driving the signai source more than 300 mV 
higher than AVcc. or f^iore than 300 mV below AGND. If an 
analog input pin is forced beyond these voitages, the cur- 
rent flowing through that pin shouid be iimited to 25 mA or 
iess to avoid permanent damage to the 1C. The sum of all 


the overdrive currents into aii pins must be less than 50 mA. 
When the input signal is expected to extend more than 
300 mV beyond the power suppiy iimits for any reason (un- 
known/uncontroliabie input voltage range, power-on tran- 
sients, fauit conditions, etc.) some form of input protection, 
such as that shown in Figure 9, shouid be used. 



FIGURE 9. Input Protection 
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3.0 ANALOG MULTIPLEXER 

The ADC12662 has an input multiplexer that is controlled by 
the logic level on pin SO when EOC goes low, as shown in 
Figures 1 and ^^Multiplexer setup and hold times with re- 
spect to the S/H input can be determined by these two 
equations; 

tMS(wrtS/H) = tMS - tEOC (min) = 50 - 60 = -10 ns 
tMH(wrtS/H) = tMH + tEOC(max) = 50 + 125 = 175 ns 
Note that tMS (wrt S/H) is a negative number; this indicates 
th^the data on SO must become valid within 10 ns after 
S/H goes low In order to meet the setup time requirements. 
SO must be valid for a length of 

(tMH + tEOC(max)) “ (^MS “ tEOC(min)) = 185 ns. 
Table I shows how the input channels are assigned: 

TABLE I.ADC12662 Input 
Multiplexer Programming 


SO 

Channel 

0 

V|N1 

1 

V|N2 


The output of the multiplexer is available to the user via the 
MUX OUT pin. This output allows the user to perform addi- 


tional signal processing, such as filtering or gain, before the 
signal is returned to the ADC IN input and digitized. If no 
additional signal processing is required, the MUX OUT pin 
should be tied directly to the ADC IN pin. 

See Section 9.0 (APPLICATIONS) for a simple circuit that 
will alternate between the two inputs while converting at full 
speed. 

4.0 REFERENCE INPUTS 

In addition to the fully differential Vref+ and Vref- refer- 
ence inputs used on most National Semiconductor ADCs, 
the ADC1 2662 has two sense outputs for precision control 
of the ladder voltage. These sense inputs compensate for 
errors due to IR drops between the reference source and 
the ladder itself. The resistance of the reference ladder is 
typically 7501^. The parasitic resistance (Rp) of the package 
leads, bond wires, PCB traces, etc. can easily be O.sn to 
1 .Ofl or more. This may not be significant at 8-bit or 1 0-blt 
resolutions, but at 12 bits It can Introduce voltage drops 
causing offset and gain errors as large as 6 LSBs. 

The ADC12662 provides a means to eliminate this error by 
bringing out two additional pins that sense the exact voltage 
at the top and bottom of the ladder. With the addition of two 
op amps, the voltages on these internal nodes can be 
forced to the exact value desired, as shown in Figure 10. 



FIGURE 10. Reference Ladder Force and Sense Inputs 


TL/H/1 1876-22 
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Since the current flowing through the SENSE lines is essen- 
tially zero, there is negligible voltage drop across Rs and the 
1 kil resistor, so the voltage at the Inverting input of the op 
amp accurately represents the voltage at the top (or bot- 
tom) of the ladder. The op amp drives the FORCE input and 
forces the voltage at the ends of the ladder to equal the 
voltage at the op amps’s non-inverting input, plus or minus 
Its input offset voltage. For this reason op amps with low 
Vos. such as the LM627 or LM607, should be used for this 
application. When used In this configuration, the ADC12662 
has less than 2 LSBs of offset and 1 .5 LSB of gain error 
without any user adjustments. 

The 0.1 fiF and 10 p-F capacitors on the force inputs pro- 
vide high frequency decoupling of the reference ladder. The 
soon force resistors isolate the op amps from this large 
capacitive load. The 0,01 jmF/l kH network provides zero 
phase shift at high frequencies to ensure stability. Note that 
the op amp supplies in this example must be ±10V to 
± 1 5V to meet the ihput/output voltage range requirements 
of the LM627 and supply the sub-zero voltage to the 
Vref- (FORCE) pin* The Vref/16 output should be by- 
passed to analog ground with a 0,1 jllF ceramic capacitor. 


The reference inputs are fully differential and define the 
zero to full-scale range of the input signal. They can be 
configured to span up to 5V (Vref- = OV, Vref+ = 5V), 
or they can be connected to different voltages (within the 
OV to 5V limits) when other input spans are required. The 
ADC12662 is tested at Vref- (SENSE) ” OV, Vref+ 
(SENSE) = 4.096V. Reducing the reference voltage span to 
less than 4V increases the sensitivity (reduces the LSB size) 
of the converter; however noise performance degrades 
when lower reference voltages are used. A plot of dynamic 
performance vs reference voltage Is given in the Typical 
Performance Characteristics section. 

If the converter will be used in an application where DC 
accuracy is secondary to dynarnic performance, then a sim- 
pler reference circuit may suffice. The circuit shown in F/g- 
ure 1 1 will introduce several LSBs of offset and gain error, 
but INL, DNL, and all dynamic specifications will be unaf- 
fected. 

All bypass capacitors should be located as close to the 
ADC1 2662 as possible to minimize noise on the reference 
ladder. The Vref/16 output should be bypassed to analog 
ground with a 0.1 p,F ceramic capacitor. 

The LM4040 shunt voltage reference Is available with a 
4.096V output voltage. With Initial accuracies as low as 
± 0.1 %, it makes an excellent reference for the ADC12662. 



FIGURE 11. Using the Vref Force Pins Only 
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5.0 POWER SUPPLY CONSIDERATIONS 

The ADCt 2662 is designed to operate from a single + 5V 
power supply. There are two analog supply pins (AVcc) and 
one digital supply pin (DVcc)- These pins allow separate 
external bypass capacitors for the analog and digital por- 
tions of the circuit. To guarantee proper operation of the 
converter, all three supply pins should be connected to the 
same voltage source. In systems with separate analog and 
digital supplies, the converter should be powered from the 
analog supply. 

The ground pins are AGND (analog ground), DGND1 (digital 
Input ground), and DGND2 (digital output ground). These 
pins allow for three separate ground planes for these sec- 
tions of the chip. Isolating the analog section from the two 
digital sections reduces digital interference in the analog cir- 
cuitry, improving the dynamic performance of the converter. 
Separating jhe digital outputs from the digital inputs (particu- 
larly the S/H Input) reduces the possibility of ground bounce 
from the 12 data lines causing jitter on the S/H input. The 
analog ground plane should be connected to the Digital2 
ground plane at the ground return for the power supply. The 
Digitall ground plane should be tied to the Digital2 ground 
plane at the DGND1 and DGND2 pins. 

Both AVcc pins should be bypassed to the AGND ground 
plane with 0.1 jaF ceramic capacitors. One of the two AVcc 
pins should also be bypassed with a 1 0 jiiF tantalum capaci- 
tor. DVcc should be bypassed to the DGND2 ground plane 
with a 0.1 /xF capacitor in parallel with a 10 juF tantalum 
capacitor. 

6.0 LAYOUT AND GROUNDING 

In order to ensure fast, accurate conversions from the 
ADC12662, it Is necessary to use appropriate circuit board 
layout techniques. Separate analog and digital ground 
planes are required to meet datasheet AC and DC limits. 
The analog ground plane should be low-impedance and free 
of noise from other parts of the system. 

All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s Input 
should be connected to a very clean analog ground return 
point. Grounding the component at the wrong point will re- 
sult in increased noise and reduced conversion accuracy. 
Figure 12 gives an example of a suitable layout, including 
power supply routing, ground plane separation, and bypass 
capacitor placement. All analog circuitry (Input amplifiers, 
filters, reference components, etc.) should be placed on the 
analog ground_plane. All digital circuitry and I/O lines (ex- 
cluding the S/H input) should use the digital2 ground plane 
as ground^The digitall ground plane should only be used 
for the S/H signal generation. 


From Power Supply 
+ 5V Ground 



7.0 DYNAMIC PERFORMANCE 

The ADC1 2662 is AC tested and its dynamic performance is 
guaranteed. In order to meet these specifications, the clock 
source driving the S/H input must be free of jitter. For the 
best AC performance, a crystal oscillator is recommended. 
For operation at or near the ADC12662’s 1 .5 MHz maximum 
sampling rate, a J.5 MHz squarewave will provide a good 
signal for the S/H Input. As long as the duty cycle is near 
50%, the waveform will be low for about 333 ns, which is 
within the 400 ns limit. When operating the ADC12662 at a 
sample rate of 1.25 MHz or below, the pulse width of the 
S/H signal must be smaller than half the sample period. 


+5V Digital 



Figure 13 is an example of a low jitter S/H pulse generator 
that can be used with the ADC12662 and allow operation at 
sampling rates from DC to 1.5 MHz. A standard 4-pin DIP 
crystal oscillator provides a stable 1.5 MHz squarewave. 
Since most DIP oscillators have TTL outputs, a 4.7k pullup 
resistor is used to raise the output high voltage to CMOS 
input levels. The output is fed to the trigger input (falling 
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edge) of an MM74HC4538 one-shot. The 1k resistor and 
12 pF capaoitor set the pulse length to approximately 100 
ns. The S/H pulse stream for the converter appears on the 
Q output of the HC4538. This is the S/H clock generator 
used on the ADC12062EVAL evaluation board. For lower 
power, a CMOS inverter-based crystal oscillator can be 
used in place of the DIP crystal oscillator. See Application 
Note AN-340 In the National Semiconductor CMOS Logic 
Databook for more information on CMOS crystal oscillators. 

8.0 COMMON APPLICATION PITFALLS 
Driving Inputs (analog or digital) outside power supply 
rails. The Absolute Maximum Ratings state that all inputs 
must be between GND - 300 mV and Vcc + 300 mV. This 
rule is most often broken when the power supply to the 


converter is turned off, but other devices connected to it (op 
amps, microprocessors) still have power. Note that if there 
is no power to the converter, DGND = AGND = DVcc = 
AVcc = OV, so all inputs should be within ±300 mV of 
AGND and DGND. 

Driving a high capacitance digital data bus. The more 
capacitance the data bus has to charge for each conver- 
sion, the more instantaneous digital current required from 
DVcc and DGND. These large current spikes can couple 
back to the analog section, decreasing the SNR of the con- 
verter. While adequate supply bypassing and separate ana- 
log and digital ground planes will reduce this problem, buff- 
ering the digital data outputs (with a pair of MM74HC541s, 
for example) may be necessary If the converter must drive a 
heavily loaded databus. 


9.0 APPLICATIONS 


2’s Complement Output 
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National Semiconductor 


ADC1241 Self-Calibrating 12-Bit Plus 
Sign jmP-Compatible A/D Converter 
with Sample-and-Hold 


General Description 

The ADC1241 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1 241 goes through a self-calibration cycle that adjusts 
positive linearity and full-scale errors to less than ± Yz LSB 
each and zero error to less than ±1 LSB. The ADC1241 
also has the ability to go through an Auto-Zero cycle that 
corrects the zero error during every conversion. 

The analog input to the ADC1241 is tracked and held by the 
internal circuitry, and therefore does not require an external 
sample-and-hold. A unipolar analog input voltage range (OV 
to +5V) or a bipolar range (-5V to +5V) can be accom- 
modated with ± 5V supplies. 

The 13-bit word on the outputs of the ADC1241 gives a 2’s 
complement representation of negative numbers. The digi- 
tal inputs and outputs are compatible with TTL or CMOS 
logic levels. 


Key Specifications 

■ Resolution 12 Bits plus Sign 

■ Conversion Time 1 3.8jas (max) 

■ Linearity Error ±y 2 LSB (±0.0122%) (max) 

■ Zero Error ± 1 LSB (max) 

■ Positive Full Scale Error ± 1 LSB (max) 

■ Power Consumption 70mW (max) 

Features 

■ Self-calibrating 

■ Internal sample-and-hold 

■ Bipolar input range with ±5V supplies and single 
+ 5V reference 

■ No missing codes over temperature 

■ TTL/MOS input/output compatible 

■ Standard 28-pin DIP 


Applications 

■ Digital Signal Processing 

■ High Resolution Process Control 

■ Instrumentation 


Simplified Schematic 
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ADC1241CMJ/883, ADC1241BIJ or 
ADC1241CIJ 

See NS Package Number J28A 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Ratings (Notes 1 &2) 

If Military/ Aerospace specified devices are required, Temperature Range Tmin^Ta^Tmax 

please contact the National Semiconductor Sales ADC1241BIJ, ADC1241CIJ -40°C^Ta^ 

Office/Distributors for availability and specifications. ADC1241CMJ, ADC1241CMJ/883 -55°C^Ta^ + 125°C 

Supply Voltage (Vcc = DVcc = AVcc) 6.5V DVcc and AVcc Voltage 

Negative Supply Voltage (V“) —6.5V (Notes 6 & 7) 4.5V to 5.5V 

Voltage at Logic Control Inputs —0.3V to (Vcc + 0.3V) Negative Supply Voltage (V~) —4.5V to —5.5V 

Voltage at Analog Input (V|n) (V- -0.3V) to (Vcc + 0.3V) Reference Voltage 

AVcc-DVcc(Note7) 0.3V (Vref, Notes 6 & 7) 3.5V to AVcc + 50 mV 

Input Current at any Pin (Note 3) ±5 mA 

Package Input Current (Note 3) ± 20 mA 

Power Dissipation at 25“C (Note 4) 875 mW 

Storage T emperature Range - 65°C to + 1 50*’C 

ESD Susceptability (Note 5) 2000V 

Soldering Information 

J Package (10 sec) OGO^C 

Converter Electrical Characteristics 

The following specifications apply for Vcc == DVcc = AVcc = +5.0V, V" = -5.0V, Vref = +5.0V, and fcLK = 2.0 MHz 
unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; other limits Ta = Tj = 25°C. (Notes 6, 7 
and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 18) 

Units 

(Limit) 

STATIC CHARACTERISTICS 


Positive Integral 

Linearity Error 

ADC1241BIJ 

After Auto-Cal 
(Notes 11 & 12) 



LSB(max) 

ADC1241CMJ, CIJ 


±1 

LSB max 


Negative Integral 

Linearity Error 

ADC1241BIJ 

After Auto-Cal 
(Notes 11 & 12) 


±1 

LSB(max) 

ADC1241CMJ, CIJ 


±1 

LSB(max) 


Differential Linearity 

After Auto-Cal (Notes 11 & 1 2) 


12 

Bits(min) 


Zero Error 

After Auto-Zero or Auto-Cal 
(Notes 12 & 13) 


±1 

LSB(max) 


Positive Full-Scale Error 

After Auto-Cal (Note 12) 

±y2 

±1 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Note 1 2) 


±1 / ±2 

LSB (max) 

Cref 

Vref Input Capacitance 


80 


PF 

D|n 

Analog Input Capacitance 


65 


PF 

ViN 

Analog Input Voltage 



V- - 0.05 
Vcc + 0-05 

V(min) 

V(max) 


Power Supply 

Sensitivity 

Zero Error (Note 14) 

AVcc = DVcc = 5V ±5%, 

Vref = 4.75V, V- = -5V ±5% 

±Vb 


LSB 

Full-Scale Error 

±Vb 


LSB 

Linearity Error 

±Vb 


LSB 

DYNAMIC CHARACTERISTICS 

S/(N + D) 

Unipolar Signal-to-Noise+ Distortion 

Ratio (Note 17) 

f,N= 1 kHz, V|N = 4.85 Vp.p 

72 


dB 

f|N = 10 kHz, V|N = 4.85Vp.p 

72 


dB 

S/(N + D) 

Bipolar Signal-to-Noise+ Distortion 

Ratio (Note 1 7) 

f|N = 1 kHz, V|fsj = ±4.85 Vp.p 

76 


dB 

f|N = 10kHz,V|N= ±4.85Vp.p 

76 


dB 


Unipolar Full Power Bandwidth (Note 17) 

V|N = OV to 4.85V 

32 


kHz 


Bipolar Full Power Bandwidth (Note 1 7) 

V,N= ±4.85 Vp.p 

25 


kHz 

Up 

Aperture Time 


100 


ns 


Aperture Jitter 


100 


PSrms 
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^ Digital and DC Electrical Characteristics 

O The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V“ = -5,0V, Vref = +5.0V, and fcLK = 2.0 MHz 

9 unless otherwise specified. Boldface limits apply for Ta = Tj = Twin TmaxJ aH other limits Ta = Tj = 25®C. 

(Notes 6 and 7) 



Parameter 

Condition 

Logical “1” Input Voltage for 

All Inputs except CLK IN 

Vcc = 5.25V 


Typical 
(Note 9) 


Limit 

(Notes 10, 18) 


Logical “1” Input Current 


Logical “0” Input Current 


CLK IN Positive-Going 
Threshold Voltage 


CLK IN Negative-Going 
Threshold Voltage 


CLK IN Hysteresis 
[VT+(min) - VT-(max)] 


V|N = 5V 



•source 


•sink 


Dice 


Logical “1 ” Output Voltage 

i 

Vcc = 4.75V: 

•out —360 fiA 
•out == — 10 jiiA 

Logical “0” Output Voltage 

Vcc = 4.75V 
•out =1-6 mA 

TRI-STATE® Output Leakage 

VoUT = OV 

Current 

VoUT 5V 

Output Source Current 

VoUT — OV 

Output Sink Current 

VoUT — 5V 


DVcc Supply Current 







Units 

(Limits) 



-3 

jLtA(max) 

3 

jLtA(max) 

-6.0 

mA(min) 




























































AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V~ = -5.0V, tp = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Twin TmaxJ o^her limits Ta = Tj = 25°C. (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 18) 

Units 

(Limits) 

^CLK 

Clock Frequency 


0.5 

4.0 

2.0 

MHz 

MHz(min) 

MHZ(max) 


Clock Duty Cycle 


50 

40 

60 

% 

%(min) 

%(max) 

tc 

Conversion Time 


27(1 /fcLK) 

27(1 /fcLK) + 300 ns 

(max) 

fCLK~ 2.0 MHz 

13.5 


JLtS 

tA 

Acquisition Time 
(Note 15) 

^SOURCE = 5oa 
^CLK = 2.0 MHz 

7(1/fCLK) 

3.5 

7(1/fcLK) + 300 ns 

(max) 

jas 

■ 

Auto Zero Time 


26 

26 

1/fcLK(m.ax) 

fCLK = 2.0 MHz 

13 


JLLS 


Calibration Time 


1396 


■i/^CLK 

fCLK = 2.0 MHz 

698 

706 

Ijls (max) 

tW(5^)L 

Calibration Pulse Width 

(Note 16) 

60 

200 

ns(min) 

%(WR)L 

Minimum WR Pulse Width 


60 

200 

ns(min) 

Ucc 

Maximum Access Time 
(Delay from Falling Edge of 

TO to Output Data Valid) 

Cl= 100 pF 

50 

85 

ns(max) 


TRI-STATE Control (Delay 
from Rising Edge of TO 
to Hi-Z State) 

Rl = 1 kn, 

Cl = 100 pF 

30 

90 

ns(max) 

tPD(INT) 

Maximum Delay from Falling Edge of 
RO or WR to Reset of IRT 


100 

175 

ns(max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless othenwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V~ or V|n > (AVcc or DVcc). the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4; The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), 0 ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is Pomax = (Tjmax ~ 
Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this device. Tj^ax = 125*0, and the typical thermal resistance (0ja) of the 
ADC1241 with CMJ, BIJ, and CIJ suffixes when board mounted is 47'’C/W. 

Note 5; Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/0 conversion can occur if these diodes are forward biased more than 
50 mV. 


DVcc 



TL/H/1 0554-3 

This meant that If AVcc and DVcc ars minimum (4.75 Vqc) and V~ It maximum (-4.76 Voc). full-scale must be ^ 4.8 Vdc- 
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AC Electrical Characteristics (Continued) 

Note 7: A diode exists between AVcc and DVcc as shown below. 


AVcc 


DVcc 

TL/H/10554-4 

To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at fcLK = 2.0 MHz. At higher and lower clock frequencies accuracy may degrade. See curves in the Typical Performance 
Characteristics Section. 

Note 9: Typicals are at Tj = 25*C and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Positive linearity error is defined as the deviation of the analog value, expressed In LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 

Note 12: The ADC1241’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of ±0.20 LSB. 

Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started, see the typical performance characteristic curves. 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 

Note 15: If the clock Is asynchronous to the falling edge of WR an uncertainty of one clock period will exist in the interval of tA, therefore making the minimum tA = 
6 clock periods and the maximum tA = 7 clock periods. If the falling edge of the clock is synchronous to the rising edge of WR then tA will be exactly 6.5 clock 
periods. 

Note 16: The CAL line must be high before any other conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 

Note 18: A military RETS electrical test specification is available on request. At time of printing, the ADC1 241 CMJ/883 RETS specification complies fully With the 
boldface limits in this column. 
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FIGURE la. Transfer Characteristic 
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AC Electrical Characteristics (Continued) 
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FIGURE 1b. Simplified Error Curve vs Output Code Without Auto-Cal or Auto-Zero Cycles 
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Typical Performance Characteristics (Continued) 
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1.0 Pin Descriptions 

DVcc (28), jhe digital and analog positive power supply 

AVcc (4) pins. The digital and analog power supply 

voltage range of the ADC1241 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10 jllF tantalum In parallel 
with a 0.1 /jlF ceramic) at each Vcc pin. 

V“ (5) The analog negative supply voltage pin. V“ 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 10 /nF tantalum in parallel with 
a 0.1 jaF ceramic. 

DGND (14), The digital and analog ground pins. AGND 

AGND (3) and DGND must be connected together ex- 
ternally to guarantee accuracy. 

Vref (2) The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below 3.5 VDC. 

V|n(1) The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V“ by more than 50 mV. 

CS(10) The Chip Select control input. This input is 
active low and enables the WR and ^ func- 
tions. 

TO (1 1 ) The Read control input. With both CS and TO 

low the TR I -STATE output buffers are en- 
abled and the INT output is reset high. 

WR (7) The Write control input. The converison is 
started on the rising edge of the WR pulse 
when CS is low. 

CLK (8) The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 

CAL (9) The Auto-Calibration control input. When 
CAL is low the ADC1241 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 

(6) The Auto-Zero control input. With the AZ pin 

held low during a conversion, the ADC1241 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


E0C(12) The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 

TnT (13) The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DB0-DB12 The TRI-STATE output pins. The output is in 
(1 5-27) xvjo’s complement format with DB1 2 the sign 
bit, DB11 the MSB and DBO the LSB. 

2.0 Functional Description 

The ADC1241 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1241 without the need of trimming during its fab- 
rication. An Auto-Cal cycle can restore the accuracy of the 
ADC1241 at any time, which ensures its long term stability. 

2.1 DIGITAL INTERFACE 

On pow er up , a calibration sequence should be initiated by 
pulsing CAL l ow with CS, RD, and WR high. To acknowl- 
edge the CAL signal, EOC goes low after the falling edge of 
CAL, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator’s offset is determined, then the capacitive 
DAC’s mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 

A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If AZ is low an auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator’s offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC’s ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the A/D successive approximation conversion has 
started. 

During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored In the output latch of the ADC1241. Next EOC goes 
high, and Wf goes low to signal the end_of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DB0-DB12 output buffers. 
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2.0 Functional Description (Continued) 


Digital Control Inputs 

A/D Function 

CS 
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AZ 

U" 
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1 

1 

1 
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1 

U" 

1 

1 
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i_r 

U" 

1 

1 

0 

Start Conversion with Auto-Zero 

“LT 

1 

"LT 

1 

0 

Read Conversion Result with Auto-Zero 

1 

X 

X 

“LT 

X 

Start Calibration Cycle 

0 

X 

1 

0 

X 

Test Mode (DB2, DB3, DBS and DB6 become active) 


FIGURE 1. Function of the A/D Control Inputs 


The table in Figure 1 summarizes the effect of the digital 
control inputs on the function of t he AD C1241. The Test 
Mode, where RD is high and CS and CAL are low, is used by 
the factory to thoroughly check out the operation of the 
ADC1241. Care should be taken not to inadvertently be in 
this mode, since DB2, DBS, DBS, and DB6 become active 
outputs, which may cause data bus contention. 

2.2 RESETTING THE A/D 

All internal logic can be reset, which wiH abort any conver- 
sion in process. The A/D is reset whenever a new conver- 
sion is started by taking C§ and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore 
making it necessary to do an Auto-Cal cycle before the next 
conversion. This is true with or without Auto-Zero. The Cali- 
bration Cycle cannot be reset once started. On power-up 
the ADC1241 automatically goes through a Calibration Cy- 
cle that takes typically 1 396 clock cycles. 


3.0 Analog Considerations 

3.1 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between V|n and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vref f^^ust have a 
very low output impedance and very low noise. The circuit in 
Figure 2 is an example of a very stable reference that is 
appropriate for use with the ADC1 241 . 

In a ratiometric system, the analog input voltage Is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vref P'n can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for 
given Input condition. 
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3.0 Analog Considerations (Continued) 
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FIGURE 3. Analog Input Equivalent Circuit 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

3.2 INPUT CURRENT 

A charging current will flow into or out of (depending on the 
input voltage polarity) of the analog input pin (V|n) on the 
start of the analog Input sampling period (tA). The peak val- 
ue of this current will depend on the actual input voltage 
applied. 

3.3 INPUT BYPASS CAPACITORS 

An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 

3.4 INPUT SOURCE RESISTANCE 

The analog input can be modeled as shown in Figure 3. 
External Rs will lengthen the time period necessary for the 
voltage on Cref to settle to within ^2 LSB of the analog 
input voltage. With fcLK = 2 MHz tA = 7 clock periods = 

3.5 |ULS, Rs 1 kfl will allow a 5V analog input voltage to 
settle properly. 

3.5 NOISE 

The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 

3.6 POWER SUPPLIES 

Noise spikes on the Vcc and V~ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 


ductance tantalum capacitors of 1 0 jaF or greater paralleled 
with 0.1 /jiF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVcc. AVcc and V” pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 

3.7 THE CALIBRATION CYCLE 

On power up the ADC1241 goes through an Auto-Cal cycle 
which cannot be Interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall gain, offset, 
and linearity errors down to the specified limits. It should be 
necessary to go through the calibration cycle only once af- 
ter power up. 

3.8 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vqs the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than ± 1 LSB. An auto-zero cycle will maintain the 
zero error to ± 1 LSB or less. 
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4.0 Dynamic Performance 

Many applications require the A/D converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with ac input signals. The Important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as signal-to-noise+ distortion ratio 
(S/(N + D)), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
A/D converter’s capability. 

An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s input, and the trans- 
form is then performed on the digitized waveform. S/(N + D) 
is calculated from the resulting FFT data, and a spectral plot 
may also be obtained. Typical values for S/(N + D) are 
shown in the table of Electrical Characteristics, and spectral 
plots are included in the typical performance curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen In the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) drops 3 dB). 
Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1241 has the ability to track and hold the 
analog Input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC1241, the hold command is Internally generated. When 
the Auto-Zero function is not being used, the hold command 
occurs at the end of the acquisition window, or seven clock 
periods after the rising edge of the WR. The delay between 
the internally generated hold command and the time that 
the ADC1241 actually holds the input signal Is the aperture 
time. For the ADC1241, this time is typically 100 ns. Aper- 
ture jitter is the change In the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for^a given accuracy. For exam- 
ple, an ADC1 241 with 1 00 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input signal whose slew rate is 12 V/jms. 


Power Supply Bypassing 



Protecting the Analog Inputs 
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National Semiconductor 

ADC1242 

12-Bit Plus Sign Sampling A/D Converter 


General Description 

The ADC1242 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1242 goes through a self-calibration cycle that adjusts 
positive linearity error to less than ± 1 LSB full-scale error to 
less than ±3 LSB, and zero error to less than ±2 LSB. The 
ADC1242 also has the ability to go through an Auto-Zero 
cycle that corrects the zero error during every conversion. 
The, analog input to the ADC1242 is tracked and held by the 
internal circuitry, and therefore does not require an external 
sample-and-hold. A unipolar analog input voltage range (OV 
to +5V) or a bipolar range (-5V to +5y) can be accom- 
modated with ± 5V supplies. 

The 13-bit word on the outputs of the ADC1242 gives a 2’s 
complement representation of negative numbers. The digi- 
tal inputs and outputs are compatible with TTL or CMOS 
logic levels. 

Applications 

■ Digital Signal Processing 
B High Resolution Process Control 
B Instrumentation 


Key Specifications 

B Resolution 
B Conversion Time 
B Linearity Error ± 

B Zero Error 

B Positive Full Scale Error 
B Power Consumption 


12 Bits plus Sign 
13.8 jLts (max) 
1 LSB (± 0.0244%) (max) 
±2 LSB (max) 
±3 LSB (max) 
70 mW (max) 


Features 

B Self-calibrating 
B Internal sample-and-hold 
B Bipolar input range with ±5V suppli< 
+ 5V reference 

B No missing codes over temperature 
B TTL/MOS input/output compatible 
B Standard 28-pin ceramic DIP 


5V supplies and single 


Simplified Schematic 



DB11 (MSB) 
DB12 (Sign) 


Connection Diagram 

Dual-ln-Line Package 
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Top View 

Order Number ADC1242CIJ 
See NS Package Number J28A 
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Absolute Maximum Ratings (Notes i & 2) 

If Military/ Aerospace specified devices are required, ESD Susceptability (Note 5) 2000V 

please contact the National Semiconductor Sales Soldering Information 

Office/Distributors for availability and specifications. j Package (10 seconds) 300*C 

Supply Voltage (Vcc = DVcc = AVcc) 6.5V 

Negative Supply Voltage (V“) -6.5V OpBrStlllfl RStillQS (Notes 1 and 2) 

Voltage at Logic Control Inputs -0.3Vto(Vcc + 0.3V) Temperature Range Tmin^Ta^Tmax 

Voltage at Analog Input (V|n) (V- -0.3V) to (Vcc + 0.3V) ADC1242CIJ -AO-C^Ta^ +85”C 

AVcc-DVcc (Note 7) 0.3V DVcc and AVcc Voltage 

. . . D- ...c A (Notes 6 and 7) 4.5V to 5.5V 

Input Current at any Pin (Note 3) ± 5 mA 

Package Input Current (Note 3) ±20mA Negative Supply Voltage (V-) -4.5Vto-5.5V 

Power Dissipation at 25»C (Note 4) 875 mW SL 7) 3.5V to AVcc + 50 mV 

Storage Temperature Range -65“Cto +150*C 

Converter Electrical Characteristics 

The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V~ = -5.0V, Vref == + 4.096V, and fcLK == 2.0 MHz 
unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin Tmax* other limits Ta = Tj = 25°C. (Notes 

6, 7 and 8) 

Symbol 

Parameter 

Conditions 

Typical 

(Notes) 

Limit 

(Notes 10, 18) 

Units 

(Limit) 

STATIC CHARACTERISTICS 


Positive Integral 

Linearity Error 

After Auto-Cal 
(Notes 11 and 12) 


±1 

LSB(max) 


Differential Linearity 

After Auto-Cal (Notes 11 and 12) 


12 

Bits(min) 


Zero Error 

After Auto-Zero or Auto-Cal 
(Notes 12 and 13) 

■ 

±2 

LSB(max) 


Positive and Negative Full-Scale Error 

After Auto-Cal (Note 12) 


±3 

LSB(max) 

Gref 

Vref Input Capacitance 


80 


PF 

C|N 

Analog Input Capacitance 


65 


PF 

V|N 

Analog Input Voltage 

- 



V- - 0.05 
Vcc + 0.05 

V(mln) 

V(max) 


Power Supply 

Sensitivity 

Zero Error (Note 14) 

AVcc = DVcc = 5V ±5%, 

Vref = 4.75V, V“ = -5V ±5% 

iVa 


LSB 

Full-Scale Error 

±Vs 


LSB 

Linearity Error 

±Vs 


LSB 

DYNAMIC CHARACTERISTICS 

S/(N + D) 

Unipolar Signal-to-Noise + Distortion 

Ratio (Note 17) 

EEDSSEBBSSfflH 

72 


dB 


72 


dB 

S/(N + D) 

— 

Bipolar Signal-to-Noise + Distortion 

Ratio (Note 17) 


Hi 


dB 


iHI 


dB 


Unipolar Full Power Bandwidth (Note 17) 

V|N = OV to 4.85V 

32 


11091111 


Bipolar Full Power Bandwidth (Note 1 7) 

V|N= ±4.85Vp.p 

25 


kHz 

Up 

Aperture Time 


100 


ns 


Aperture Jitter 


100 


PSrms 
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Digital and DC Electrical Characteristics 

The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V“ = -5.0V, Vref = + 4.096V, andfcLK = 2.0 MHz 
unless otherwise specified. Boldface limits apply for Ta = Tj = Twin *0 Tmax; all other limits Ta = Tj = 25‘’C. 

(Notes 6 and 7) 


Symbol 

Parameter 

Condition 

Typical 
(Note 9) 

Limit 

(Notes 10, 18) 

Units 

(Limits) 

V|N(1) 

Logical “1 ” Input Voltage for 

All Inputs except CLK IN 

Vcc = 5.25V 


2.0 

V(min) 

V|N(0) 

Logical “0” Input Voltage for 

All Inputs except CLK IN 

Vcc = 4.75V 


0.8 

V(max) 

l|N(1) 

Logical “1” Input Current 

V|N = 5V 

0.005 

1 

jaA(max) 

l|N(0) 

Logical “0” Input Current 

> 

o 

II 

2 

> 

-0.005 

-1 

jLtA(max) 

Vt+ 

CLK IN Positive-Going 
Threshold.Voltage 


2.8 

2.7 

V(min) 

Vt- 

CLK IN Negative-Going 
Threshold Voltage 


2.1 

2.3 

V(max) 

Vh 

CLK IN Hysteresis 
[VT+(min) - VT“(max)] 


0.7 

0.4 

V(min) 

VoUT(1) 

Logical “1 ” Output Voltage 

Vcc = 4.75V: 

•out = -360 ixA 
•out — — 10 /utA 


2.4 

4.5 

V(min) 

V(mln) 

VOUT(O) 

Logical “0” Output Voltage 

Vcc = 4.75V 
•out = 1 .6 mA 


0.4 

V(max) 

loUT 

TRI-STATE® Output Leakage 
Current 

Vqut = ov 

-0.01 

-3 

jaA(max) 

VqUT = 5V 

0.01 

3 

jLtA(max) 

ISOURCE 

Output Source Current 

VoUT = OV 

-20 

-6.0 


ISINK 

Output Sink Current 

VoUT = 5V 

20 

8.0 


Dice 

DVcc Supply Current 

fCLK = 2MHz,CS = “1” 

1 

2 

mA(max) 

Alec 

AVcc Supply Current 

fCLK = 2MHz,CS = “1” 

2.8 

6 

mA(max) 

I- 

V“ Supply Current 

fCLK = 2MHz,CS = "1” 

2.8 

6 

mA(max) 
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AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V- = -5.0V, tp = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to TmaxS all other limits Ta = Tj = 25“C. (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 18) 

Units 

(Limits) 

^CLK 

Clock Frequency 



2.0 

MHz 




0.5 


MHz(min) 




4.0 


MHz(max) 


Clock Duty Cycle 


50 


% 





40 

%(min) 





60 

%(max) 

tc 

Conversion Time 


27(1 /fcLK) 

27(1/fcLK) + 300 ns 

(max) 



fCLK= 2.0 MHz 

13.5 


jJLS 

tA 

Acquisition Time 

Rsource = 5on 

7(1/fCLK) 

7(1/fcLK) + 300 ns 

(max) 


(Note 15) 

fCLK = 2.0 MHz 

3.5 


JLjLS 

tz 

Auto Zero Time 


26 

26 

1/^CLK(max) 



fCLK = 2.0 MHz 

13, 


jLlS 


Calibration Time 


1396 


1/fCLK 



fCLK = 2.0 MHz 

698 

706 

|Lis(max) 

tW(^)L 

Calibration Pulse Width 

(Note 16) 

60 

200 

ns(min) 

tW(WR)L 

Minimum WR Pulse Width 


60 

200 

ns(min) 

Ucc 

Maximum Access Time 

Cl = 100 pF 





(Delay from Falling Edge of 


50 

85 

ns(max) 


^ to Output Data Valid) 





fOH. tlH 

TRI-STATE Control (Delay 

Rl = 1 kft, 





from Rising Edge of TO 

u_ 

Q. 

o 

o 

11 

_i 

o 

30 

90 

ns(max) 


to Hi-Z State) 





tpD(TNT) 

Maximum Delay from Falling Edge of 
or WR to Reset of TnT 


100 

175 

ns(max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V- or V|n > (AVcc or DVcc). the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), 0 ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is Pomax = fTjmax “ 
Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tj^ax = 125‘’C, and the typical thermal resistance (0 ja) of the 
ADC1242 CIJ when board mounted is 47‘’C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. 


DVcc 



TL/H/1 1735-3 

This means that if AVcc ^^d DVcc are minimum (4.75 Vqc) and V“ is maximum (—4.75 Vdc). full-scale must be ^ 4.8 Vqc. 
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AC Electrical Characteristics (Continued) 

Note 7: A diode exists between AVcc and DVcc as shown below. 


DVn< 


rri— j 

1 

1 

1 

nil—. 

1 

1 ! 

1 

' w 

r 


1 ^ 

1 

1 


TO INTERNAL 
CIRCUITRY 


TO INTERNAL 
CIRCUITRY 


TL/H/1 1735-4 


To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at fcLK = 2.0 MHz. At higher and lower clock frequencies accuracy may degrade. See curves in the Typical Performance 
Characteristics Section. 


Note 9: Typicals are at Tj = 25‘’C and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 

Note 1 1: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 

Note 12: The ADC1242’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of ±0.20 LSB. 

Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started, see the typical performance characteristic curves. 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 

Note 15: If the clock is asynchronous to the falling edge of WR an uncertainty of one clock period will exist in the interval of Ia, therefore making the minimum tA = 
6 clock periods and the maximum tA = 7 clock periods. If the falling edge of the clock is synchronous to the rising edge of WR then tA will be exactly 6.5 clock 
periods. 

Note 16: The CAL line must be high before any other conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 

Note 18: A military RETS electrical test specification is available upon request. At time of printing, the ADC1241CMJ/883 RETS specification complies fully with the 
boldface limits in this column. 



ANALOG INPUT VOLTAGE (V,,,^) 

FIGURE la. Transfer Characteristic 


TL/H/1 1735-5 
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AC Electrical Characteristics (Continued) 



TL/H/1 1735-6 

FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 



(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cal Cycle 


TL/H/1 1735-7 


Typical Performance Characteristics 



0 1 2 3 4 5 


Zero Error Change vs 
Ambient Temperature 

2 I 1 1 1 1 1 1 1 T 



No Calibration 
No Autozaro 


-55-35-15 5 25 45 65 85 105125 


'^REF W 


AMBIENT TEMPERATURE (®C) 


TL/H/1 1735-8 


2-620 




Typical Performance Characteristics (Continued) 


Linearity Error vs Vref 


Linearity Error vs Ciock 
Frequency 


Fuii Scaie Error Change vs 
Ambient Temperature 


AVcc = DVcc = +5.0V 

|V" = -5.0V 

fcLK = 2 MHz 


0 7 AVcc = DVcc = +5.0V_ 

\r = -5.ov I 

0.6 Vorr = +5.0V 


AVcc = D''cc = +5-0V 
\r S-5.0V 

^CLK = 2MHz 

Vref = +5.ov 

No Calibration 
_ No Autoztro 


Bipoiar Signai-to- 
Noise + Distortion Ratio vs 
input Frequency 


Rs = 200ft ' Vp 

60 = 25®C 

DVcc = AVcc = Vref = +5.0V 
50 \r = -5.ov 
fcLK = 2MHz 

Sampling Frequency = 55 kHz 


INPUT FREQUENCY (kHz) 

Bipoiar Signai-to- 
Noise + Distortion Ratio vs 
Input Signai Level 


0 1.0 2.0 3.0 4.0 

CLOCK FREQUENCY (MHz) 

Unipolar Signal-to- 
Noise+ Distortion Ratio vs 
Input Frequency 




III 




^<y,N=i5.0Vp.p 



I 

III 



Rs = 200a \v -9«;v 
60 = 2500 ''lN-2-5Vp-p 

AVcc = DVcc = Vref = +5.0V 
50 V' = -5.0V 

fcLK = 2MHz 

Sampling Frequency = 55 kHz 


INPUT FREQUENCY (kHz) 

Unipolar Signal-to- 
Noise+ Distortion Ratio vs 
Input Signal Level 


-55 -35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (oc) 

Bipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Source Impedance 


f|R=25kHz 

T;^ = 250c 

AVcc = l^Vcc = Vref = 

V = -5.0V 

fcLK = 2 MHz 

Sampling Frequency = 55 kHz 

3 100 200 300 400 500 600 

INPUT SOURCE IMPEDANCE (ft) 


Bipolar Spectral Response 
with 10 kHz Sine Wave Input 


^ U = lkHz-^ 

V,„»±5.0Vp.p I IIN-V ^ 

60 AVcc = OVcc “ Vr„ b +5.07 -L 

^ V--5.0V I .r j 

“ fcLK = 2MHl -1 14 — 

__ _ Sampling Fraqutncy ^IN “ 20 KHz 

S ^0 =.55|(Hx 1 1 



Rs<>S0O 

V,NBi5.0Vp.p 

aVdc-dVcc- Vref -* 5.07 
Vb- 5 . 0 V 

friir»2MHz 


-70 -60 -50 -40 -30 -20 -10 0 

INPUT SIGNAL LEVEL (dB) 


-70 -60 -50 -40 -30 -20 -10 0 

INPUT SIGNAL LEVEL (dB) 


5.0 10 15 20 25 

FREQUENCY (kHz) 


Bipolar Spectral Response 
with 1 kHz Sine Wave Input 



Unipolar Spectral Response 
with 1 kHz Sine Wave Input 


Rs^son 
VlH = 5 . 0 Vp.p 
Ta»25»C 
AVoc = DVec» Vref = + 5.07 


Unipolar Spectral Response 
with 10 kHz Sine Wave Input 


Rs-50n 

Vm“*-®Vp 

T^a25®C 
AVoe»DVcc = Vref = +5.07 
V=>-5.0V 
fr. I.' B 2 MHz 


5.0 10 15 20 25 

FREQUENCY (kHz) 


5.0 10 15 20 25 

FREQUENCY (kHz) 


5.0 10 15 20 25 

FREQUENCY (kHz) 

TL/H/1 1735-1 
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Timing Diagrams (Continued) 


Normal Conversion with Auto-Zero (CAL = 1 , AZ = 0) 



TL/H/11735-15 



TL/H/1 1735-16 
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1.0 Pin Descriptions 


DVcc (28), 
AVcc (4) 


V- (5) 


DGND (14), 
AGND (3) 

Vref(2) 

V|n(1) 

CS(10) 

RD(11) 

WR(7) 

CLK (8) 
^( 9 ) 


AZ(6) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC1242 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10 juiF tantalum in parallel 
with a 0.1 jutF ceramic) at each Vcc pin. 

The analog negative supply voltage pin. V“ 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 1 0 jliF tantalum in parallel with 
a 0.1 juiF ceramic. 

The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 

The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below 3.5 VDC. 

The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V- by more than 50 mV. 

The Chip Select control i nput. This input is 
active low and enables the WR and RD func- 
tions. 

The Read control input. With both CS and TO 
low the TRI-STATE output buffers are en- 
abled and the TnT output is reset high. 

The Write control Input. The converison is 
started on the rising edge of the WR pulse 
when CS Is low. 

The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 

The Auto-Calibration control Input. When 
CAL is low the ADC1242 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors In the ca- 
pacitor reference ladder are determined and 
stored In RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 

The Auto-Zero control Input. With the Jz pin 
held low during a conversion, the ADC1242 
goes into an auto-zero cycle before the actu- 
al A/D conversion Is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


EOC(12) The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 

TnT (13) The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DB0-DB12 The TRI-STATE output pins. The output is in 
(1 5-27) tvyo’s complement format with DB1 2 the sign 
bit, DB1 1 the MSB and DBO the LSB. 

2.0 Functional Description 

The ADC1242 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1 242 without the need of trimming during its fab- 
rication. An Auto-Cal cycle can restore the accuracy of the 
ADC1242 at any time, which ensures its long term stability. 

2.1 DIGITAL INTERFACE 

On pow er up , a calibration sequence should be Initiated by 
pulsing CAL l ow with U§, RD, and WR high. To acknowl- 
edge the Cal signal, EOC goes low after the falling edge of 
CAL, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator’s offset is determined, then the capacitive 
DAC’s mismatch error is found. Correction factors for these 
errors are then stored In internal RAM. 

A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line ^uld be tied high or low during the 
conversion process. If AZ is low an auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator’s offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held In the capaci- 
tive DAC’s ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the A/D successive approximation conversion has 
started. 

During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1242. Next EOC goes 
high, and I NT goes low to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DB0-DB12 output buffers. 
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2.0 Functional Description (Continued) 



A/D Function 

CS 

WR 

RD 

CAL 

AZ 

“LT 

TJ" 

1 

1 

1 

Start Conversion without Auto-Zero 

T_r 

1 

“i_r 

1 

1 

Read Conversion Result without Auto-Zero 

i_r 

*i_r 

1 

1 

0 

Start Conversion with Auto-Zero 

i_r 

1 

i_r 

1 

0 

Read Conversion Result with Auto-Zero 

1 

X 

X 

i_r 

X 

Start Calibration Cycle 

0 

X 

1 

0 

X 

Test Mode (DB2, DB3, DB5 and DB6 become active) 


FIGURE 3. Function of the A/D Control Inputs 


The table in Figure 3 summarizes the effect of the digital 
control inputs on the functi^of t he AD C1242. The Test 
Mode, where RD is high and CS and CAL are low, is used by 
the factory to thoroughly check out the operation of the 
ADC1242. Care should be taken not to inadvertently be in 
this mode, since DB2, DBS, DBS, and DB6 become active 
outputs, which may cause data bus contention. 

2.2 RESETTING THE A/D 

All internal logic can be reset, which will abort any conver- 
sion in process. The A/D is re set w henever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore 
making it necessary to do an Auto-Cal cycle before the next 
conversion. This is true with or without Auto-Zero. The Cali- 
bration Cycle cannot be reset once started. On power-up 
the ADC1242 automatically goes through a Calibration Cy- 
cle that takes typically 1396 clock cycles. 


3.0 Analog Considerations 

3.1 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog Input (the difference 
between V|n and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vref must have a 
very low output impedance and very low noise. The circuit in 
Figure 4 is an example of a very stable reference that is 
appropriate for use with the ADC1 242. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vref Pin can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog Input and A/D refer- 
ence move together maintaining the same output code for 
given Input condition. 
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3.0 Analog Considerations (Continued) 



FIGURE 5. Analog Input Equivalent Circuit 


TL/H/11735-18 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the, reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

3.2 INPUT CURRENT 

A charging current will flow into or out of (depending on the 
input voltage polarity) of the analog input pin (V|n) on the 
start of the analog input sampling period (tA). The peak val- 
ue of this current will depend on the actual input voltage 
applied. 

3i3 INPUT BYPASS CAPACITORS 

An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 

3.4 INPUT SOURCE RESISTANCE 

The analog input can be modeled as shown in Figure 5. 
External Rse will lengthen the time period necessary for the 
voltage on Cref to settle to within Yz LSB of the analog 
input voltage. With fcLK = 2 MHz tA = 7 clock periods = 

3.5 jas, Rse ^ 1 kn will allow a 5V analog input voltage to 
settle properly. 

3.5 NOISE 

The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 

3.6 POWER SUPPLIES 

Noise spikes on the Vcc and V“ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 


ductance tantalum capacitors of 10 jaF or greater paralleled 
with 0,1 jaF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVcc» AVcc and V“ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 

3.7 THE CALIBRATION CYCLE 

On power up the ADC1242 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies,' reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall gain, offset, 
and linearity errors down to the specified limits. It should be 
necessary to go through the calibration cycle only once af- 
ter power up. 

3.8 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vqs of fhe sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than the amount specified. An auto-zero cycle will 
maintain the zero error to the amount specified or less. 
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4.0 Dynamic Performance 

Many applications require the A/D converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with ac input signals. The important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as signal-to-noise + distortion ratio 
(S/(N + D)), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
A/D converter’s capability. 

An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s input, and the trans- 
form is then performed on the digitized waveform. S/(N4- D) 
is calculated from the resulting FFT data, and a spectral plot 
may also be obtained. Typical values for S/(N + D) are 
shown in the table of Electrical Characteristics, and spectral 
plots are included in the typical performance curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) drops 3 dB). 
Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1242 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC1242, the hold command is internally generated. When 
the Auto-Zero function is not being used, the hold command 
occurs at the end of the acquisition window, or seven clock 
periods after the rising edge of the WR. The delay between 
the internally generated hold command and the time that 
the ADC1242 actually holds the input signal is the aperture 
time. For the ADC1242, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1 242 with 1 00 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input signal whose slew rate Is 12 V/fis. 


Power Supply Bypassing 



Protecting the Analog Inputs 

+ 5V 
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ADC12441 


(y National Semiconductor 

ADC12441 Dynamically-Tested Self-Calibrating 12-Bit 
Plus Sign A/D Converter with Sample-and-Hold 


General Description 

The ADC12441 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter whose dynamic 
specifications (S/N, THD, etc.) are tested and guaranteed. 
On request, the ADC12441 goes through a seif-calibration 
cycle that adjusts positive linearity and full-scale errors to 
less than ±^2 LSB each and zero error to less than 
± 1 LSB. The ADC12441 also has the ability to go through 
an Auto-Zero cycle that corrects the zero error during every 
conversion. 

The analog input to the ADC12441 is tracked and held by 
the internal circuitry, and therefore does not require an ex- 
ternal sample-and-hold. A unipolar analog input voltage 
range (OV to + 5V) or a bipolar range (-5V to + 5V) can be 
accommodated with ± 5V supplies. 

The 13-bit word on the outputs of the ADC12441 gives a 2’s 
complement representation of negative numbers. The digi- 
tal Inputs and outputs are compatible with TTL or CMOS 
logic levels. 

Features 

■ Self-calibration provides excellent temperature stability 

■ Internal sample-and-hold 

■ Bipolar input range with single +5V reference 


Applications 

■ Digital signal processing 

■ Telecommunications 

■ Audio 

■ High resolution process control 

■ Instrumentation 

Key Specifications 

■ Resolution 

■ Conversion Time 

■ Bipolar Signal/ Noise 

■ Total Harmonic Distortion 

■ Aperture Time 

■ Aperture Jitter 

■ Zero Error 

■ Positive Full Scale Error 

■ Power Consumption @ ± 5V 

■ Sampling rate 


12 bits plus sign 
13.8 jLis (max) 
76.5 dB (min) 
-75 dB (max) 
100 ns 
1 00 pSrms 
+ 1 LSB (max) 
± 1 LSB (max) 
70 mW (max) 
55 kHz (max) 


Simplified Block Diagram 



action Die 

l-ln-Line Pack 

1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

ADC12441 22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


DB11 (MSB) 
DB12 (Sign) 


DGND-|l4 15|-DB0(LSB) 

TL/H/11017-2 

Top View 
Order Number 

ADC12441CMJ, ADC12441CMJ/883 
orADC12441CIJ 
See NS Package Number J28A 



CS WR RD CAL AZ CLKIN 
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Absolute Maximum Ratings (Notes i & 2) Operating Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, Temperature Range Tmin ^ ‘T'a ^ Tmax 

please contact the National Semiconductor Sales ADC12441CIJ -40‘’C ^ Ta ^ +85“C 

Office/Distributors for availability and specifications. ADC12441CMJ, 

Supply Voltage (Vcc = DVcc = AVcc) 6.5V ADC12441CMJ/883 -55»C ^ Ta ^ + 125<'C 

Negative Supply Voltage (V“) -6.5V DVcc and AVcc Voltage 

Voltage at Logic Control Inputs -0.3V to (Vcc + 0.3V) (Notes 6 & 7) 4.5V to 5.5V 

Voltage at Analog Inputs Negative Supply Voltage (V-) -4.5V to -5.5V 

(ViNandVpEF) (V- -0.3V) to (Vcc + 0.3V) Reference Voltage 

AVcc-DVcc(N0te7) 0.3V (Vref. Notes 6 & 7) 3.5V to AVcc + 50 mV 

Input Current at Any Pin (Note 3) ± 5 mA 

Package Input Current (Note 3) ± 20 mA 

Power Dissipation at 25'’C (Note 4) 875 mW 

Storage Temperature Range -BS^Cto +150”C 

ESD Susceptability (Note 5) 2000V 

Soldering Information 

J Package (10 sec.) OOO^’C 

Converter Electrical Characteristics 

The following specifications apply for Vcc = DVcc = AVcc = +5.0y, V~ = -5.0V, Vref = +5.0V, Analog Input Source 
Impedance = 600ft, and fcLK = 2.0 MHz unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; 
all other limits Ta = Tj = 25“C. (Notes 6, 7 and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 
(Note 10) 

Units 

(Limit) 

STATIC CHARACTERISTICS 

■III 

Positive Integral Linearity Error 

After Auto-Cal (Notes 1 1 & 1 2) 



LSB 

■■1 

Negative Integral Linearity Error 

After Auto-Cal (Notes 1 1 & 12) 



LSB 


Positive or Negative Differential Linearity 

After Auto-Cal (Notes 1 1 & 12) 



Bits 

B 

Zero Error 

After Auto-Zero or Auto-Cal 
(Notes 12 & 13) 

■ 

±1 

LSB (max) 


Positive Full-Scale Error 

After Auto-Cal (Note 1 2) 

±y2 

±1 

LSB (max) 


Negative Full-Scale Error 

After Auto-Cal (Note 1 2) 


±1 / ±2 

LSB (max) 

V|N 

Analog Input Voltage 




V(min) 

V(max) 

■ 

Power Supply 

Sensitivity 

Zero Error (Note 14) 

AVcc = DVcc = 5V ±5%, 

Vref = 4.75V, V- = -5V ±5% 

iVs 


LSB 

Full-Scale Error 

iVs 


LSB 

Linearity Error 



LSB 




80 


PF 

C|N 

Analog Input Capacitance 


65 


PF 


■ 

Bipolar Effective Bits 
(Note 17) 

flN = 1 kHz,V)N = ± 4.85V 



Bits 

f|N = 20kHz,V|N = ± 4.85V 


12.4 

Bits (min) 

s 


f|N = 1 kHz, V|N = 4.85 Vp.p 



Bits 

flN = 20 kHz, V|N = 4.85 Vp.p 

11.8 

11.6 

Bits (min) 

■ 

Bipolar Signal-to-Noise Ratio 
(Note 17) 

f|N = 1 kHz, V|N = ± 4.85V 

78 


dB 

f|N = 10kHz,V|N = ± 4.85 V 



dB 

f|N = 20 kHz, V|N = ± 4.85V 


76.5 

dB (min) 

S/N 

Unipolar Signal-to-Noise Ratio 
(Note 17) 

f|N = 1 kHz,V|N = 4.85 Vp.p 

73 


dB 

f|N = 10 kHz, V|N = 4.85 Vp.p 

73 


dB 

f|N = 20 kHz, V|N = 4.85 Vp.p 

73 

71.5 

dB (min) 

1 
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S Converter Electrical Characteristics 

Q The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V" = -5.0V, Vref = +5.0V, Analog Input Source 
Q Impedance = 60011, and fcLK = 2.0 MHz unless otherwise specified. Boldface limits apply for = Tj = Twin to TmaXs 
< ail other limits Ta = Tj = 25‘’C. (Notes 6, 7 and 8) (Continued) 


Parameter 


DYNAMIC CHARACTERISTICS (Continued) 


THD Bipolar T otal Harmonic Distortion 

(Note 17) 


f|N = 1 kH2,V|N = ± 4.85V 
f|N = 19.688 kHz, V|N = ± 4.85V 



Bipolar Peak Harmonic or 

flN = 1 kHz, V|N = ± 4.85V 

Spurious Noise (Note 1 7) 

f|N = 10kHz,ViN = ± 4.85V 


f|N = 20kHz,V|N = ± 4.85 V 



Unipolar Peak Harmonic or 
Spurious Noise (Note 1 7) 


Bipolar Two Tone Intermodulation 
Distortion (Note 17) 

Unipolar Two Tone Intermodulation 
Distortion (Note 1 7) 

-3 dB Bipolar Full Power Bandwidth 
-3 dB Unipolar Full Power Bandwidth 
Aperture Time 


f|N = 1 kHz,V|N = 4.85 Vp.p 
f|N = 10 kHz, V|N - 4.85 Vp.p 

f|N = 20kHz.V|N = 4.85Vp.p 

V|N = ± 4.85 V, f|Ni = 19.375 kHz, 
f|N2 = 20.625 kHz 

V|N = 4.85Vp.p,f|Ni = 19.375 kHz, 
flN 2 = 20.625 kHz 

V|N = ± 4.85 V (Note 17) 

V|N = 4.85 Vp.p (Note 17) 


dB (max) 
kHz (Min) 




100 


PSrms 


Digital and DC Electrical Characteristics 

The following specifications apply for DVcc - AVcc = +5.0V, V- = -5.0V, Vref = +5.0V, and fcLK = 2.0 
otherwise specified. Boldface limits apply for Ta = Tj = Twin to Tmax; all other limits Ta = Tj = 25‘’C. 
(Notes 6 and 7) 


MHz unless 


Symbol 

Parameter 

Conditions 

V|N(1) 

Logical “1 ” Input Voltage for 

All Inputs except CLK IN 

Vcc = 5.25V 

V|N(0) 

Logical “0” Input Voltage for 

All Inputs except CLK IN 

Vcc = 4.75V 

l|N{1) 

Logical “1” Input Current 

V|N = 5V 

l|N(0) 

Logical “0” Input Current 

< 

2 

II 

O 

< 

Vt+ 

CLK IN Positive-Going 
Threshold Voltage 


Vt- 

CLK IN Negative-Going 
Threshold Voltage 


Vh 

CLK IN Hysteresis 
[Vj"'' (min) - Vj- (max)] 


VouT( 1 ) 

Logical “1 ” Output Voltage 

Vcc = 4.75V: 

IqUT = -360 fiA 
loUT = — 10 jutA 

VOUT(O) 

Logical “0” Output Voltage 

Vcc = 4.75V, louT= 1-0 mA 


Typical 
(Note 9) 

Limit 

(Notes 10, 19) 

Units 

(Limits) 


2.0 

V (min) 


0.8 

V (max) 

0.005 

1 

jiiA (max) 



jaA (max) 





































Digital and DC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V- = -5.0V, Vref = +5.0V, and fcLK = 2.0 MHz unless 
otherwise specified. Boldface limits apply for Ta = Tj = Tmin to Tmax; aH other limits Ta = Tj = 25®C. 

(Notes 6 and 7) (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 19) 

Units 

(Limits) 

•out 

TRI-STATE® Output Leakage 

VoUT = OV 

-0.01 

-3 

|llA (max) 


Current 

VqUT = 5V 

0.01 

3 

fiA (max) 

•source 

Output Source Current 

Vqut = ov 

-20 

-6.0 

mA (min) 

•sink 

Output Sink Current 

VquT = 5V 

20 

8.0 

mA (min) 

D^cc 

DVcc Supply Current 

fCLK ~ 2 MHz, CS = “1” 

1 

2 

mA (max) 


AVcc Supply Current 

fCLK = 2MHz,CS = “1” 

2.8 

6 

mA (max) 


V“ Supply Current 

fcLK = 2MHz,CS = “1” 

2.8 

6 

mA (max) 


AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc == +5.0V, V~ = -5.0V, tr = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Twin to TmaxJ aH other limits Ta = Tj = 25°C. (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 19) 

Units 

(Limits) 

^CLK 

Clock Frequency 


0.5 

4.0 

2.0 

MHz (min) 
MHz (max) 


— 

Clock Duty Cycle 


50 

40 

60 

% 

% (min) 

% (max) 

tc 

Conversion Time 


27(1 /fcLK) 

27(1/fcLK) + 300 ns 

(max) 

fCLK= 2.0 MHz 

13.5 


jxs 


Acquisition Time 

(Note 15) 

Rsource = son 
fCLK = 2.0 MHz 

7(1/fcLK) 

Td/fcLK) + 300 ns 

(max) 

3.5 


fXS 

tz 

Auto Zero Time 


26(1 /fcLK) 

26(1 /fcLK) 

(max) 

fCLK = 2.0 MHz 

13 


JlS 

tCAL 

Calibration Time 


1 396(1 /fcLK) 


max 

fCLK = 2.0 MHz 

698 

706 

juis (max) 

fW(CAL)L 

Calibration Pulse Width 

(Note 16) 

60 

200 

ns (min) 

tW(WR)L 

Minimum WR Pulse Width 


60 

200 

ns (min) 

Ucc 

Maximum Access Time 
(Delay from Falling Edge of 

RD to Output Data Valid) 

Cl = 100 pF 

50 

85 

ns (max) 

loH. hn 

TRI-STATE Control 
(Delay from Rising Edge of 
roto Hi-Z State) 

Rl = 1 kn, 

Cl = 100 pF 

30 , 

90 

ns (max) 

tpD(INT) 

Maximum Delay from Falling Edge of 
RD or WR to Reset of TNT 


100 

175 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|n > (AVcc or DVcc)i the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 
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AC Electrical Characteristics (Continued) 


Note 4: The power dissipation of this device under normal operation should never exceed 169 mW (Quiescent Power Dissipation + TTL Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (ex. when any inputs or 
outputs exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction 
temperature), 0 ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum ailowable power dissipation at any temperature 
is Pomax = (Tjmax “ Ta)/^ja or the number given ip the Absolute Maximum Ratings, whichever is lower. For this device, Tjmax = 125“C, and the typical thermal 
resistance (^ja) of the ADC12441 with CMJ and CIJ suffixes when board mounted Is 47'’C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur If these diodes are forward biased more than 
50 mV. . . 

DVrr 


TO INTERNAL 
CIRCUITRY 



This means that if AVcc and DVcc are minimum (4.75 Vdc) and V is maximum (-4.75 Vqc). full-scale must be ^ 4.8 Vqc. 
Note 7: A diode exists between AVcc and DVcc as shown below. 



TO INTERNAL 
CIRCUITRY 


TO INTERNAL 
CIRCUITRY 


To guarantee accuracy, it is required that the AVcc and DVcc ba connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at fcuK = 2.0 MHz. At higher and lower clock frequencies accuracy may degrade. See curves in the Typical Performance 
Characteristics section. 

Note 9: Typicals are at Tj = 25®C and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c.) 

Note 12: The ADC12441’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process wiil 
result in a repeatability uncertainty of ±0.20 LSB. 

Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started (see the Typical Performance Characteristic curves). 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 

Note 15: If the clock is asynchronous to the falling edge of WR an uncertainty of one clock period will exist in the interval of tA, therefore making the minimum 
tA = 6 clock periods and the maximum tA = 7 clock periods, if the falling edge of the clock is synchronous to the rising edge of then tA will be exactly 6.5 clock 
periods. 

Note 16: The CAL iine must be high before a conversion is started. 

Note 17: The specifications for these parameters are vaiid after an Auto-Cal cycle has been completed. 

Note 18: The ADC12441 reference ladder is composed solely of capacitors. . 

Note 19: A Military RETS Electrical Test Specification is available on request. At time of printing the ADC12441CMJ/883 RETS complies fully with the boldface 
limits in this column. 


(+4095)0,1111,1111,1111 - 
(+4094)0,1111,1111,1110 - 


POSITIVE 

FULL-SCALE 

TRANSITION 


( 2 ) 0 , 0000 , 0000,0010 
( 1 ) 0 , 0000 , 0000,0001 
( 0 ) 0 , 0000 , 0000,0000 - 


- 1 , 1111 , 1111 , 1111 (- 1 ) 
- 1 , 1111 , 1111 , 1110 (- 2 ) 


NEGATIVE 

FULL-SCALE TRANSITION 


1,0000,0000,0001 (-4095) 
-j— 1,0000,0000,0000 (-4096) 

ANALOG INPUT VOLTAGE 

FIGURE la. Transfer Characteristic 
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Electrical Characteristics (Continued) 


-4096 

I 

Negative 

Full-Scale 

Error 


Negative •4LSB - 
Linearity 

Error _o i eo . 


Positive 

LInearKy Error 


{ Zero Error" 

INPUT VOLTAGE 


> Positive 
Full-Scale 
Error 

..A 


OUTPUT CODE 
(from -4096 to +4095) 

.TL/H/1 1017-6 

FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 


NEGATIVE 

FULL-SCALE 

ERROR 




NEGATIVE 

LINEARITY 

ERROR 


NEGATIVE INPUT RANGE 


POSITIVE 

LINEARITY 

ERROR 


POSITIVE 

FULL-SCALE 

ERROR 


INPUT VOLTAGE 


+4095 

POSITIVE INPUT RANGE 


OUTPUT CODE 
(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cal Cycle 

Typical Performance Characteristics 


Zero Error vs 


1.6 

1.4 



II 

1 

+5.0V 

12 


Y 


V“ = - 

■5.0V 

2 MHz 

1 n 


\ 


^CLK ” 

Ta = ' 

t25®C 

l«U 

0 n 


\ 




UiO 

0,6 



V 



0.4 



A 



02 







Zero Error Change vs 
Ambient Temperature 



-55 -35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (®C) 
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Typical Performance Characteristics (Continued) 

Linearity Error vs Vp^p 



Linearity Error vs Ciock 
Frequency 


VrEF (V) 

Bipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Frequency 

TTTTTr 


V,n = *5V 


Rs = 200fl 'V|n = ±2.5V 
T;^ = 250C 

DVcc = AVcc = Vref = *5.0V 
V“ = -5.0V 
fcLK = 2MHz 

Sampling Frequency = 55 kHz 




10 

INPUT FREQUENCY (kHz) 


Bipolar Signal-to- 
Noise+ Distortion Ratio vs 
Input Signal Level 



-70 -60 -50 -40 -30 -20 -10 0 
INPUT SIGNAL LEVEL (dB) 


Bipolar Spectral Response 
with 1 kHz Sine Wave Input 


Rs»soa 

V|,-*8.0V 

T.a25«C 

AVcc«t)Vcc=VRn.a*5.0Y 

Vb-S.OY 

Simping Frtquwioy aSSkHz 
S/(N«D)a7e^dB 




0 5.0 10 15 20 25 

FREQUENCY (kHz) 



0 IjO 2Q 3Q 4Q 
CLOCK FREQUENCY (MHz) 

Unipolar Signal-to- 
Noise+ Distortion Ratio vs 
Input Frequency 



Unipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Signal Level 



-70 -60 -50 -40 -30 -20 -10 0 
INPUT SIGNAL LEVEL (dB) 


Unipolar Spectral Response 
with 1 kHz Sine Wave Input 


48 

I -24 

^ -72 


— 

— 

Rjasaa 
V„-5.0V„ 
T.aTSOC 
AVcc = Wcc = V|^8*5.0V 
Vs -5,0V 

Samping FraqutnoysSSkHz 
















S/(N4D)s 72.3I dB 






































5.0 10 15 20 

FREQUENCY (kHz) 


Full Scale Error Change vs 
Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (®C) 

Bipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Source Impedance 
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f|N = 25 kHz 

T;^ = 250 C 

AVcc = DVcc = Vrep = *5 
V" = - 5 . 0 V 
fcLK = 2 MHz 

Sampling Frequency = 5 
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Bipolar Spectral Response 
with 10 kHz Sine Wave Input 
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V|n=± 5.0 V 
T;^s 250C 
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Typical Performance Characteristics (Continued) 


Bipolar Spectral Response 
with 20 kHz Sine Wave Input 
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Unipolar Spectral Response 
with 20 kHz Sine Wave Input 
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Test Circuits 


T 



DATA 

OUTPUT 


— % 
RD 

GND- 

DATA '^OH ■ 
GND- 




TL/H/11017-13 


hr T' 


TL/H/11017-12 


DATA 

OUTPUT 


RD 50% 
GND 




DATA ^CC 
OUTPUT „ 

Vql- 


■17^ 


TL/H/11017-15 


TL/H/1 1017-14 

FIGURE 2. TRI-STATE Test Circuits and Waveforms 


Timing Diagrams 


Auto-Cal Cycle (CS = 1, WR = X, RD = X, AZ = X, X = Don't Care) 





TL/H/11017-16 
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Timing Diagrams (Continued) 


Normal Conversion with Auto-Zero (CaL = 1, AZ = 0) 



"l^JUTT 

UT. 

/ 

rLTLTL 

1 1 ft ft 


r 

-*| *W(WR)L 


ft 1 1 

BH 


N 









*Z 1 *A 

Auto-Z#ro ~ 26 clocks »+• Acquisistlon 

> 7 clocks 

ft ft 

r 

*pd(INT) — * 



TRHSTATE 

Conversion 

~ ” 'acc — 

-fc 



TL/H/1 1017-17 


Normal Conversion without Auto-Zero (CAL = 1 , AZ = 1) 
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1.0 Pin Descriptions 

DVcc (28), The (jjgjtal and analog positive power supply 

AVcc (4) pins. The digital and analog power supply 

voltage range of the ADC12441 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (1 0 /iF tantalum in parallel 
with a 0.1 p,F ceramic) at each Vcc pin. 

V~ (5) The analog negative supply voltage pin. V" 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 10 julF tantalum in parallel with 
a 0.1 }xF ceramic. 


DGND (14), 
AGND (3) 

Vref (2) 

V|n(1) 

C§(10) 

^( 11 ) 

WR(7) 

CLK (8) 
^( 9 ) 


A2(6) 


EOC(12) 

li^(i3) 


The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 

The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below 3.5 VDC. 

The analog Input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V~ by more than 50 mV. 

The Chip Select control input. This input is 
active low and enables the WR and RD func- 
tions. 

The Read control input. With both and TO 
low the TRI-STATE output buffers are en- 
abled and the TRT output Is reset high. 

The Write control input. The converlson is 
started on the rising edge of the WR pulse 
when CS is low. 

The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 

The Auto-Calibration control Input. When 
Cal is low the ADC12441 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 

The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC1 2441 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 

The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 

The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DB0-DB12 7he TRI-STATE output pins. The output is in 
(1 5-27) two’s complement format with DB1 2 the sign 
bit, DB11 the MSB and DBO the LSB. 

2.0 Functional Description 

The ADC12441 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12441 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC12441 at any time, which ensures its long term sta- 
bility. 

2.1 DIGITAL INTERFACE 

On pow er up , a calibration sequence should be initiated by 
pulsing CAL l ow with CS, RD, and WR high. To acknowl- 
edge the CAL signal, EOC goes low after the falling edge of 
CAL, and remains low during the calibration cycle of 1 396 
clock periods. During the calibration sequence, first the 
comparator’s offset is determined, then the capacitive 
DAC’s mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 

A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line ^uld be tied high or low during the 
conversion process. If AZ is low an auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator’s offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC’s ladder structure. The EOC then goes low, signal- 
ing that 'the analog Input Is no longer being sampled and 
that the A/D successive approximation conversion has 
started. 

During a conversion, the sampled Input voltage Is succes- 
sively compared to the output of the DAC. First, the ac- 
quired Input voltage Is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; othen^/ise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result Is then 
stored in the output latch of the ADC1 2441 . Next EOC goes 
high, and INT goes low to signal the end_of the conversion. 
The result can now be read by taking CS and TO low to 
enable the DB0-DB12 output buffers. 
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2.0 Functional Description (Continued) 


Digital Control Inputs 

A/D Function 


lw!l 



m 

U" 

U" 


1 

, 1 

Start Conversion without Auto-Zero 

i_r 

1 


1 

1 

Read Conversion Result without Auto-Zero 

i_r 

"LT 


1 

0 

Start Conversion with Auto-Zero 

T-T 

1 


1 

0 

Read Conversion Result with Auto-Zero 

1 

X 


U" 

X 

Start Calibration Cycle 

0 

X 


0 

X 

Test Mode (DB2, DB3, DBS and DB6 become active) 


FIGURE 1. Function of the A/D Control Inputs 


The table in Figure 1 summarizes the effect of the digital 
control inputs_^ the function_of the ADC 12441. The Test 
Mode, where RD is high and CS and CAL are low, is used 
during manufacture to thoroughly check out the operation of 
the ADC12441. Care should be taken not to Inadvertently 
be in this mode, since DB2, DB3, DBS, and DBS become 
active outputs, which may cause data bus contention. 

2.2 RESETTING THE A/D 

All internal logic can be reset, which will abort any conver- 
sion in process. The A/^s reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. This is 
true with or without Auto-Zero. The Calibration Cycle cannot 
be reset once started. On power-up the ADC12441 auto- 
matically goes through a Calibration Cycle that takes typi- 
cally 1396 clock cycles. For reasons that will be discussed 
in Section 3.7, a new calibration cycle needs to be started 
after the completion of the automatic one. 


3.0 Analog Considerations 

3.1 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between V|fsi and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vref iT^ust have a 
very low output impedance and very low noise. The circuit In 
Figure 2a is an example of a very stable reference that is 
appropriate for use with the ADC12441. The simple refer- 
ence circuit of Figure 2b may be used when the application 
does not require low full scale errors. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vref pin can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog Input and A/D refer- 
ence move together maintaining the same output code for 
given input condition. 



FIGURE 2a. Low Drift Extremely Stable Reference Circuit 


+15V ( 


LM268BYH-5.0 I- » 

■ I ' lO/ipi 


. to ADC12441 
Vref+ = +5V 


i' 


to ADC12441 
AGND 


Errors without any trims: 

25“C . 

Full Scale ±0.075% 

Zero ±0.024% 

Linearity ± 1/2 LSB 


TL/H/1 101 7-20 

FIGURE 2b. Simple Reference Circuit 


-40“Cto +85“C 
, ±0.2% 
±0.024% 
±y2LSB 
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3.0 Analog Considerations (Continued) 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

3.2 INPUT CURRENT 

Because the input network of the ADC12441 is made up of 
a switch and a network of capacitors, a charging current will 
flow into or out of (depending on the input voltage polarity) 
of the analog input pin (V|n) on the start of the analog input 
sampling period (tA). The peak value of this current will de- 
pend on the actual input voltage applied. 

3.3 NOISE 

The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 

3.4 INPUT BYPASS CAPACITORS 

An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 

3.5 INPUT SOURCE RESISTANCE 

The analog input can be modeled as shown in Figure 3. 
External Rs will lengthen the time period necessary for the 
voltage on Cref to settle to within Va LSB of the analog 
input voltage. With fcLK = 2 MHz tA = 7 clock periods = 

3.5 juLS, Rs ^ 1 kn will allow a 5V analog input voltage to 
settle properly. 

3.6 POWER SUPPLIES 

Noise spikes on the Vcc and V“ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 
ductance tantalum capacitors of 10 jaF or greater paralleled 


with 0.1 jliF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVcc, AVcc and V“ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 

3.7 THE CALIBRATION CYCLE 

On power up the ADC12441 goes through an Auto-Cal cy- 
cle which cannot be interrupted. Since the power supply, 
reference, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full scale, 
offset, and linearity errors down to the specified limits. Full 
scale error typically changes ±0.1 LSB over temperature 
and linearity error changes even less; therefore It should be 
necessary to go through the calibration cycle only once af- 
ter power up, if auto-zero is used to correct the zero error 
change. 

3.8 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vqs of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than ± 1 LSB. An auto-zero cycle will maintain the 
zero error to ± 1 LSB or less. 


Rs 


^EXT 

^REF -p 


TL/H/1 1017-21 

FIGURE 3. Analog Input Equivalent Circuit 
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4.0 Dynamic Performance 

Many applications require the A/D converter to digitize ac 
signals, but the standard, dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with ac input signals. The Important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as signal-to-noise ratio (S/N), signal-to- 
noise+ distortion ratio (S/(N + D)), effective bits, full power 
bandwidth, aperture time and aperture jitter are quantitative 
measures of the A/D converter’s capability. 

An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s input, and the trans- 
form is then performed on the digitized waveform. S/(N+ D) 
and S/N are calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for S/N 
are shown in the table of Electrical Characteristics, and 
spectral plots of S/(N + D) are included In the typical per- 
formance curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the Input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) vOrsus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) or S/N drops 
3 dB). 

Effective number of bits can also be useful in describing the 
A/D’s noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equatipn: 

S/N = (6.02 X n + 1.8)dB 

where n is the A/D’s resolution in bits. 

The effective bits of a real A/D converter, therefore, can be 
found by: 


n(effective) = 


S/N(dB)-1.8 

6.02 


As an example, an ADC12441 with a ±5V, 10 kHz sine 
wave input signal will typically have a S/N of 78 dB, which is 
equivalent to 12.6 effective bits. 

Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC12441 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 


to respond to the hold command. In the case of the 
ADC12441, the hold command is internally generated. 
When the Auto-Zero function is not being used, the hold 
command occurs at the end of the acquisition window, or 
seven clock periods after the rising edge of the WR. The 
delay between the internally generated hold command and 
the time that the ADC1 2441 actually holds the input signal is 
the aperture time. For the ADC12441, this time is typically 
100 ns. Aperture jitter Is the change in the aperture time 
from sample to sample. Aperture jitter is useful in determin- 
ing the maximum slew rate of the input signal for a given 
accuracy. For example, an ADC1 2441 with 1 00 ps of aper- 
ture jitter operating with a 5V reference can have an effec- 
tive gain variation of about 1 LSB with an input signal whose 
slew rate is 12 V/jtis. 


Power Supply Bypassing 



•Tantalum 

••Ceramic 


Protecting the Analog Inputs 

+5V 



Note: External protection diodes should be able to withstand the op amp 
current limit. 
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ADC1251 Self-Calibrating 12-Bit Plus Sign 

A/D Converter with Sample-and-Hold 


General Description 

The ADC1251 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1251 goes through a self-calibration cycle that adjusts 
for any zero, full scale, or linearity errors. The ADC1251 also 
has the ability to go through an Auto-Zero cycle that cor- 
rects the zero error during every conversion. 

The analog input to the ADC1251 is tracked and held by the 
internal circuitry, so an external sample-and-hold is not re- 
quired. The ADC1251 has an S/H control input which direct- 
ly controls the track-and-hold state of the A/D. A unipolar 
analog input voltage range (0 to + 5V) or a bipolar range 
(-5V to +5V) can be accommodated with ±5V supplies. 
The 13-bit data result is available on the eight outputs of the 
ADC1251 in two bytes, high-byte first and sign extended. 
The digital inputs and outputs are compatible with TTL or 
CMOS logic levels. 

Features 

m Self-calibration provides excellent temperature stability 
□ Internal sample-and-hold 

Simplified Block Diagram 


S/H CS WR RD CAL AZ CLKIN 


■ 8-bit jllP/DSP interface 

■ Bipolar input range with a single + 5V reference 

■ No missing codes over temperature 

■ TTL/MOS input/output compatible 

Key Specifications 

■ Resolution 12 bits plus sign 

■ Conversion Time 8 juls (max) 

■ Sampling Rate 83 kHz (max) 

■ Linearity Error ±0.6 LSB (±0.0146%) (max) 

■ Zero Error ± 1 LSB (max) 

■ Full Scale Error ±1.5 LSB (max) 

m Power Consumption @ ± 5V 113 mW (max) 

Applications 

ea Digital signal processing 

□ High resolution process control 

□ Instrumentation 



13 

► 0B0/DB8 

14 

► DB1/DB9 

► DB2/DB10 

> DB3/DB11 

► 0B4/DB12 

► DB5/DB12 

19 

► DB6/DB12 

20 

► DB7/DB12 


ection Dia 

al-ln-Line Packa 

1 

24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 


ADC1251 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


Top View 


Ordering Information 



Industrial 

(-40'’C ^ Ta ^ +85°C) 

Package 

ADC1251BIJ, 

ADC1251CIJ 

J24A 

Military 

(-SSX +125“C) 

Package 

ADC1251CMJ, 

ADC1251CMJ/883 

J24A 
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Operating Ratings (Notes 1 & 2) 


Temperature Range 
ADC1251BIJ,ADC1251CIJ 
ADC1251CMJ 
ADC1251CMJ/883 
DVcc and AVcc Voltage 
(Notes 6 & 7) 

Negative Supply Voltage (V”) 
Reference Voltage 
(Vref, Notes 6 & 7) 


Tmin ^ Ta ^ Tmax 
-40°C ^ Ta ^ +85'’C 
-55”C ^ Ta ^ +125‘’C 
-55°C^Ta^ -f125°C 

4.5V to 5.5V 
-4.5V to -5.5V 

3.5V to AVcc+50 mV 


Absoiute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc = DVcc = AVcc) 6.5V 

Negative Supply Voltage (V " ) - 6.5V 

Voltage at Logic Control Inputs - 0.3V to (Vcc + 0.3V) 

Voltage at Analog Inputs 

(Vref.Vin) (V--0.3V)to(Vcc+0.3V) 

AVcc'DVcc (Note 7) 0.3V 

Input Current at Any Pin (Note 3) ±5mA 

Package Input Current (Note 3) ±20 mA 

Power Dissipation at 25‘’C (Note 4) 875 mW 

Storage Temperature Range -65°Cto +150°C 

ESD Susceptability (Note 5) 2000V 

Soldering Information 

J Package (10 sec.) 300“C 

Converter Eiectricai Characteristics _ 

The following specifications apply for Vcc = DVqc = AVcc = +5.0V, V" = -5.0V, Vref = +5.0V, AZ = “1”, fcLK = 
3.5 MHz and tested using WR control unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to Tmax'. all othar 
limits Ta = Tj = 25°C. (Notes 6, 7 and 8) 


Symbol 


Parameter 


Conditions 


Typical 
(Note 9) 


Limit 

(Notes 10, 19) 


Units 

(Limit) 


STATIC CHARACTERISTICS 



Positive Integral 

Linearity Error 

ADC1251BIJ 

After Auto-Cal 
(Notes 11 & 12) 


±0.6 

LSB(max) 

ADC1251CIJ 


±1 

LSB(max) 

ADC1251CMJ 


±1 

LSB(max) 


Negative Integral 

Linearity Error 

ADC1251BIJ 

After Auto-Cal 
(Notes 1 1 and 1 2) 


±0.6 

LSB(max) 

ADC1251CIJ 


±1 

LSB(max) 

ADC1251CMJ 


± 1 - ' 

LSB(max) 


Missing Codes 

After Auto-Cal (Notes 1 1 and 1 2) 


0 



Zero Error (Notes 12 and 13) 

AZ = “0”andfcLK= 1.75 MHz 


±2 


After Auto-Cal Only 


±2.0/ ±3.0 

LSB(max) 


Positive Full-Scale Error (Note 12) 

AZ = “0” and fcLK = 1-75 MHz 


± 1.5 

LSB(max) 

After Auto-Cal Only 


±1.5/±2.0 

LSB(max) 


Negative Full-Scale Error (Note 1 2) 

AZ = “0” and fcLK = 1-75 MHz 


± 1.5 

LSB(max) 

After Auto-Cal Only 


±1.5/ ±2.0 

LSB(max) 

Cref 

Vref Input Capacitance (Note 18) 


80 


pF 

C|N 

Analog Input Capacitance 


65 


PF 

VlN 

Analog Input Voltage 




V(mln) 

V(max) 


Power Supply Sensitivity 

Zero Error (Note 14) 

AVcc = DVcc = 5V ±5%, 

Vref = 4.75V, V- = -5V ±5% 



LSB 

Full-Scale Error 

Ea 


LSB 

Linearity Error 

eb 


LSB 
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Converter Electrical Characteristics (Continued) 

The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V“ = —5.0V, Vref = +5.0V, AZ = “1” and fcLK 
= 3.5 MHz unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin *0 TmaxI other limits Ta = Tj = 25‘’C. 
(Notes 6, 7 and 8) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Notes 10, 19) 

Units 

(Limit) 

DYNAiVilC CHARACTERISTICS 

S/(N + D) 

Unipolar Signal-to-Noise-F Distortion 

Ratio (Note 17) 

f|N = 1 kHz, V|N = 4.85 Vp.p 

72 


dB 

flN = 20 kHz, ViN = 4.85 Vp.p 

72 


dB 

S/(N + D) 

Bipolar Signal-to-Noise+ Distortion 

Ratio (Note 17) 

f|N = 1 kHz.ViN = ± 4.85 V 

76 


dB 

f|N = 20 kHz, V|N = ± 4.85V 

76 


dB 


-3 dB Unipolar Full Power Bandwidth 

V|N = 4.85V, (Note 17) 

32 


kHz 


-3 dB Bipolar Full Power Bandwidth 

V|N = ± 4.85V, (Note 17) 

25 


kHz 

^Ap 

Aperture Time 


100 


ns 


Aperture Jitter 


100 


PSrms 


Digitai and DC Eiectrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V“ = -5.0V, Vref = +5.0V, and fcLK = 3-5 MHz unless 
otherwise specified. Boldface limits apply for Ta = Tj = Tmin TmaxJ other limits Ta = Tj = 25‘’C, (Notes 6 and 7) 


Symbol 


Parameter 


Conditions 


Typical 
(Note 9) 


Limit 

(Notes 10, 19) 


Units 

(Limit) 


V|N(1) 


Logical “1 ” Input Voltage for 
All Inputs except CLK IN 


Vcc = 5.25y 


2.0 


V(min) 


V|N(0) 


Logical “0” Input Voltage for 
All Inputs except CLK IN 


Vcc = 4.75V 


0.8 


V(max) 


I|N(1) 


Logical “1” Input Current 


V|N = 5V 


0.005 


jLLA(max) 


l|N(0) 


Logical “0” Input Current 


V|N = OV 


-0.005 


juiA(max) 


Vt-^ 


CLK IN Positive-Going 
Threshold Voltage 


2.8 


2.7 


V(min) 


Vt- 


CLK IN Negative-Going 
Threshold Voltage 


2.1 


2.3 


V(max) 


Vh 


CLK IN Hysteresis 
[Vj+(min) - Vj“(max)] 


0.7 


0.4 


V(min) 


V0UT(1) 


Logical “1 ” Output Voltage 


Vcc = 4.75V: 
loUT -360 fiA 
•out = -10 |ulA 


2.4 

4.5 


V(min) 

V(mln) 


VoUT(O) 


Logical “0” Output Voltage 


Vcc = 4.75V, 
Iqut = 1 .6 mA 


0.4 


V(max) 


•out 


TRI-STATE® Output Leakage 
Current 


Vqut — OV 


- 0.01 


-3 


jLiA(max) 


VoUT = 5V 


0.01 


jLtA(max) 


•source 


Output Source Current 


VouT = OV 


-20 


- 6.0 


mA(min) 


•sink 


Output Sink Current 


VoUT = 5V 


20 


8.0 


mA(min) 


•^•cc 


DVcc Supply Current 


CS = “1” 


2.5 


mA(max) 


Alec 


AVcc Supply Current 


CS = “1” 


10 


mA(max) 


V“ Supply Current 


CS = “1” 


2.8 


10 


mA(max) 
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AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V“ = -5.0V, tr = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin fo Tmax; slW other limits Ta = Tj - 25'’C. (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Units 

(Note 9) 

(Notes 10, 19) 

(Limit) 

fCLK 

Clock Frequency 




MHz 




0.5 


MHz(min) 




6.0 

3.5 

MHz(max) 


Clock Duty Cycle 


50 


% 





40 

%(min) 





60 

%(rriax) 

tc 

Conversion Time Using WR 


27(1 /fcLK) 

27(1/fcLK) + 250 ns 

(max) 


to Start a Conversion 

^CLK = 3.5MHz,AZ= “1” 

7.7 

7.95 

juLS(max) 



fCLK = 1.76 MHz, = “0” 

15.4 

15.65 

jLis(max) 

tc 

Conversion Time Using S/H 

AZ = “1” 

34(1 /fcLK) 

34(1/fcLK) + 250 ns 

(max) 


to Start a Conversion 

fCLK = 3.5 MHz, ^ = “1” 

9.7 

9.95 

jxs(max) 

tA 

Acquisition Time (Note 1 5) 

Rsource = 5oa 

3.5 

3.5 

jas(min) 

t|A 

Internal Acquisition Time 
(When Using WR Control Only) 


7(1/fCLK) 

7(1/fcLK) 

(max) 

tZA 

Auto Zero Time + Acquisition Time 


33(1 /fcLK) 

33(1 /fcLK) + 250 ns 

(max) 



fCLK = 1.76 MHz 

18.8 

19.05 

imui 

tD(EOC)L 

Delay from Hold Command 

Using WR Control 

200 

350 

limn 


to Falling Edge of EOC 

Using S/H Control 

100 

150 



Calibration Time 


1 399(1 /fcLK) 

1399(1/fcLK) 




fCLK = 3.5 MHz 

399 

400 

wsmsm 

tW(SAL)L 

Calibration Pulse Width 

(Note 16) 

60 

200 

ns(min) 

tW(WR)L 

Minimum Wr Pulse Width 


60 

200 

ns(min) 

Ucc 

Maximum Access Time 

CL=f 100 pF 





(Delay from Falling Edge of 
^ to Output Data Valid) 


50 

95 

ns(max) 


TRI-STATE Control 

Rl = 1 kn.CL = 100 pF 





(Delay from Rising Edge of 

TO to Hi-Z State) 


30 

70 

ns(max) 

tpD(INT) 

Maximum Delay from Falling Edge 
of TO or Wr to Reset of InT 


100 

175 

ns(max) 

tRR 

Delay between Successive ^ Pulses 


30 

60 

ns(min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|tsi > (AVcc or DVcc). the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. . 

Note 4: The power dissipation of this device under normal operation should never exceed 191 mW (Quiescent Power Dissipation + 1 TTL Load on each digital 
output). Caution should be taken not to exceed absolute maximum power rating when the device is operating in severe fault condition (ex. when any inputs or 
outputs exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjr^ax (maximum junction 
temperature), 0 ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is Pomax = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tj^ax = 1 50°C, and the typical thermal 
resistance (0j/O of the ADC1251 with CMJ, BIJ, and CIJ suffixes when board mounted is 51°C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Electrical Characteristics (Continued) 


Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. This means that if AVcc and DVcc are minimum (4.75 Voc) and V is maximum (-4.75 Vdc), the analog input full-scale voltage must be ^ ±4.8 Vdc- 


DVcc 



TO INTERNAL 
CIRCUITRY 


TL/H/1 1024-4 


Note 7: A diode exists between AVcc and DVcc as shown below. 


AVcc 

DVcc 

TL/H/11 024-5 

To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at fcLK = 3-5 MHz. At higher or lower clock frequencies accuracy may degrade. See the Typical Performance Characteristics 
cunres. 

Note 9: Typicals are at Tj = 25'C and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 

Note 12: The ADC1251’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of ±0.20 LSB. 

Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started. See the typical performance characteristic cunres. 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 

Note 15: When using the WR control to start a conversion if the clock is asynchronous to the rising edge of WR an uncertainty ^ne clock period will exist in the 
end of the interval tA. therefore making tA end a minimum 6 clock periods or a maximum 7 clock periods after the rising edge of WR. If the falling edge of the clock 
is synchronous to the rising edge of WR then tA will end exactly 6.5 clock periods after the rising edge of WR. This does not occur when §/H control is used. 
Note 16: The CAL line must be high before a conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 

Note 18: The ADC1251 reference ladder is composed solely of capacitors. 

Note 19: A Military RETS Electrical Test Specification is available on request. At time of printing the ADC1251CMJ/883 RETS specification complies fully with the 
boldface limits in this column. 
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FIGURE la. Transfer Characteristic 
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Electrical Characteristics (Continued) 



TL/H/1 1024-7 

FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 



(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cai Cycle 
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Typical Performance Characteristics 


Zero Error Change vs 
Ambient Temperature 
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Linearity Error vs Vp^F 
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Typical Performance Characteristics (Continued) 


Linearity Error vs 
Ciock Frequency 


Full Scale Error Change 
vs Ambient Temperature 


Bipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Source Impedance 



FREQUENCY (kHz) 

FREQUENCY (kHz) 

FREQUENCY (kHz) 
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SIGNAL LEVEL (dB) 


Typical Performance Characteristics (Continued) 


Unipolar Spectral Response 
with 10 kHz Sine Wave Input 
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Unipolar Spectral Response 
with 20 kHz Sine Wave Input 
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Unipolar Spectral Response 
with 40 kHz Sine Wave Input 
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RD O-H ADC1251 
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OUTPUT X. 


TL/H/1 1024-12 
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FIGURE 2. TRI-STATE Test Circuits and Waveforms 
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Timing Diagrams (Continued) 


Using WR Control to Start a Conversion without Auto-Zero (CAL = 1, AZ = 1) 



High Byt« Low Byt* 

DB8-DB12 DB0-DB7 


TL/H/11024-18 


Using S/H Control to Start a Conversion without Auto-Zero (AZ = 1, CAL = 1) 



High Byte Low Byte 

DB8-DB12 DB0-DB7 
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1.0 Pin Descriptions 


DVcc (24). 
AVcc (4) 


V- (5) 

DGND (12), 
AGND (3) 

Vref(2) 

Vin(1) 

CS(10) 

^( 23 ) 

WR(7) 

§/H (11) 


CLKIN (8) 
CAL (9) 


AZ(6) 


Th6 digital and anaiog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC1251 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 julF tantalum in 
parallel with a 0.1 julF ceramic) at each Vcc 
pin. 

The analog negative supply voltage pin. V" 
has a range of -4.5V to -5.5V and needs 
bypass capacitors of 10 /ulF tantalum In paral- 
lel with a 0.1 jaF ceramic. 

The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 

The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below +3.5 Vdc- 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V- by more than 50 mV. 

The Chip Select control input. This input Is 
active low and enables the WR, RD and 5/H 
functions. 

The Read control input. With both and TO 
low the TRI-STATE output buffers are en- 
abled and the I NT output is reset high. 

The Write control input. The conversion is 
started on the rising edge of the WR pulse 
when CS is low. When this control line is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC1251. 

The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of §/H 
starts the analog input acquisition window. 
The rising edge of ^/H ends the acquisition 
window and starts a conversion. 

The external clock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 

The Auto-Calibration control input. When 
CAL is low the ADC1251 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 

The Auto-Zero control Input. With the pin 
held low during a conversion, the ADC1251 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is In- 
creased by 26 clock periods when Auto-Zero 
is used. 


EOC(22) 

iNT(21) 


DB0/DB8- 

DB7/DB12 

(13-20) 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 

The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 

The TRI-STATE output pins. Twelve bit plus 
sign output data access is accomplished us- 
ing two successive RDs of one byte each, 
high byte first (DB8-DB12). The data format 
used is two’s complement sign bit extended 
with DB12 the sign bit, DB11 the MSB and 
DBO the LSB. 


2.0 Functional Description 

The ADC1251 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1251 without the need for trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC1251 at any time, which ensures accuracy over 
temperature and time. 

2.1 DIGITAL INTERFACE 

On po wer u p, a calibration s^uence should be Initiated by 
pulsi ng CAL low with CS and S/H high. To acknow ledg e the 
CAL signal, EOC goes low after the falling edge of CAL, and 
remains low during the calibration cycle of 1 399 clock peri- 
ods. During the calibration sequence, first the comparator’s 
offset is determined, then the capacitive DAC’s mismatch 
errors are found. Correction factors for these errors are then 
stored In Internal RAM. 

A conversion can be initiated by taking CS and WR low. If 
AZ is low an Auto-Zero cycle, which takes approximately 26 
clock periods, is Inserted before the analog input is sampled 
and the actual conversion is started. AZ must remain low 
during the complete conversion sequence. After Auto-Zero 
the acquisition opens and the analog input is sampled for 
approximately 7 clock periods. If AZ is high, the Auto-Zero 
cycle Is not inserted after the rising edge of WR. In this case 
the acquisition window opens when the ADC1251 com- 
pletes a conversion, signaled by the rising edge of EOC. At 
the end of the acquisition window EOC goes low, signaling 
that the analog input is no longer being sampled and that 
the A/D successive approximation conversion has started. 
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2.0 Functional Description (Continued) 

A conversion sequence can also be controlled by the S/H 
and CS inputs. Taking CS and S/H low starts the acquisjtion 
window for the analog input voltage. The rising edge of S/H 
immediately puts the A/D in the hold mode and starts the 
conversion. Using S/H will simplify synchronizing the end of 
the acquisition window to other signals, which may be nec- 
essary in a DSP environment. 

During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1251. Next INT goes 
low and EOC goes high to signal the end of the conversion. 
The result can now be read by taking CS and TO low to 
enable the DB0/DB8-DB7/DB12 output buffers. The high 
byte of data is relayed first on the data bus outputs as 
shown below: 


DBO/ 

DBS 

DB1/ 

DB9 

DB2/ 

DB10 

DBS/ 

DB11 

DB4/ 

DB12 

DBS/ 

DB12 

DBS/ 

DB12 

DB7/ 

DB12 

Bits 

Bit 9 

Bit 10 

MSB 

Sign Bit 

Sign Bit 

Sign Bit 

Sign Bit 


Taking CS and RD low a second time will relay the low byte 
of data on the data bus outputs as shown below: 


DBO/ 

DBS 

DB1/ 

DB9 

DB2/ 

DB10 

DBS/ 

DB11 

DB4/ 

DB12 

DBS/ 

DB12 

DBS/ 

DB12 

DB7/ 

DB12 

LSB 

Biti 

Bit 2 

Bits 

Bit 4 

Bits 

Bits 

Bit 7 


The table in Figure 3 summarizes the effect of the digital 
control inputs on the function of the ADC1251. The Test 


Mode, where TO and S/H are high and CS and CAL are 
low, is used during manufacture to thoroughly check out the 
operation of the ADC1251. Care should be taken not to in- 
advertently be in this mode, since DB2, DB3, DBS, and DB6 
become active outputs, which may cause data bus conten- 
tion. 

2.2 RESETTING THE A/D 

The ADC1 251 is reset whenever a new conversion is start- 
ed by taking CS and WR or S/H low. If this is done when the 
analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. When 
using WR or S/H without Auto-Zero (AZ = 1) to start, a 
conversion, a new conversion can be restarted only after 
EOC has gone high, signaling the end of the current conver- 
sion. When using WR with Auto-Zero (AZ = 0) a new con- 
version can be restarted during the first 26 clock periods 
after the rising edge of WR (tz) or after EOC has returned 
high without corrupting the Auto-Cal correction factors. 

The Calibration Cycle cannot be reset once started. On 
power-up the ADC1251 automatically goes through a Cali- 
bration Cycle that takes typically 1 399 clock cycles. For rea- 
sons that will be discussed in Section 3.8, a new calibration 
cycle needs to be started after the completion of the auto- 
matic one. 

3.0 Analog Considerations 

3.1 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between Vin and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vref rnust have a 
very low output impedance and very low noise. The circuit in 
Figure 4 is an example of a very stable reference that is 
appropriate for use with the ADC1251. 


Digital Control Inputs 

A/D Function 

CS 

WR 

S/H 

RD 

CAL 

AZ 

i_r 

“LT 

1 

1 

1 

1 

Start Conversion without Auto-Zero 

■i_r 

1 

U" 

1 

1 

1 

Start Conversion synchronous with rising edge of S/H without Auto-Zero 

“LT 

1 

1 

U" 

1 

1 

Read Conversion Result without Auto-Zero 

U" 

U” 

1 

1 

1 

0 

Start Conversion with Auto-Zero . , 

"LT 

1 

1 

“LT 

1 

0 

Read Conversion Result with Auto-Zero . 

1 

X 

1 

X 

TT 

X 

Start Calibration Cycle 

0 

X 

X 

1 

0 

X 

Test Mode (DB2, DB3, DB5, and DB6 become active) 


FIGURE 3. Function of the A/D Controf Inputs 
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3.0 Analog Considerations (Continued) 



FIGURE 4. Low Drift Extremely Stable Reference Circuit 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the VpEP pin can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

3.2 ACQUISITION WINDOW 

As shown in the timing diagrams there are three different 
methods of starting a conversion, each of which affects the 
acquisition window and timing. 

With Auto-Zero high a conversion can be started with the 
WR or S/H controls. In either method of starting a conver- 
sion the rising edge of EOC signals the actual beginning of 
the acquisition window. At this time a voltage spike may be 
noticed on the analog input of the ADC1251 whose ampli- 
tude is dependent on the input voltage and the source re- 
sistance. The timing diagrams for these two methods of 
starting a conversion do not show the acquisition window 
starting at this time because the acquisition time (tA) must 
start after the conversion result high and low bytes have 
been read. This is necessary since activating and deactivat- 
ing the digital outputs (DB0/DB7-DB8/DB12) causes cur- 
rent fluctuations in the ADC1251’s internal DVcc lines. This 
generates digital noise which couples into the capacitive 
ladder that stores the analog input voltage. Therefore, the 
time interval between the rising edge of EOC and the sec- 
ond read is inappropriate for analog input voltage acquisi- 
tion. 

When WR is used to start a conversion with low the 
Auto-Zero cycle Is inserted before the acquisition window. In 


this method the acquisition window is Internally controlled 
by the ADC1251 and lasts for approximately 7 clock peri- 
ods. Since the acquisition window needs to be at least 
3.5 fis at all times, when using Auto-Zero the maximum 
clock frequency is limited to 2 MHz. The zero error with the 
Auto-Zero cycle Is production tested at a clock frequency of 
1.75 MHz. This accommodates easy switching between a 
conversion with the Auto-Zero cycle (fcLK = T75 MHz) and 
without (fcLK == 3-5 MHz) as shown In Figure 5. 



FIGURE 5. Switching between a Conversion with and 


without Auto-Zero when Using WR Control 

3.3 INPUT CURRENT 

Because the input network of the ADC1251 is made up of a 
switch and a network of capacitors a charging current will 
flow into or out of (depending on the input voltage polarity) 
the analog input pin (V|[sj) on the start of the analog input 
sampling period. The peak value of this current will depend 
on the actual input voltage applied and the source resist- 
ance. 

3.4 NOISE 

The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 
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3.0 Analog Considerations (Continued) 

3.5 INPUT BYPASS CAPACITORS 

An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 

3.6 INPUT SOURCE RESISTANCE 

The analog input can be modeled as shown in Figure 6. 
External Rs will lengthen the time period necessary for the 
voltage on Cref fo settle to within LSB of the analog 
Input voltage. With tA = 3.5 juts, Rs ^ 1 kH will allow a 5V 
analog Input voltage to settle properly. 

3.7 POWER SUPPLIES 

Noise spikes on the Vcc and V“ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the Auto-Zero 
or -Cal procedures to any power supply spikes. Low induc- 
tance tantalum capacitors of 10 jaF or greater paralleled 
with 0.1 jLtF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors should be placed 
close to the DVcc. AVcc and V“ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 

3.8 THE CALIBRATION CYCLE 

On power up the ADC1251 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full scale, 
offset, and linearity errors down to the specified limits. Full 
scale error typically changes ±0.2 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up if Auto-Zero Is used to correct the zero error 


change. Since Auto-Zero cannot be activated with S/H con- 
version method it may be necessary to do a calibration cy- 
cle more than once. 

3.9 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the Auto-Zero cycle can be used. It may be necessary 
to do an Auto-Zero cycle whenever the ambient tempera- 
ture changes significantly. (See the curve titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vos of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than + 1 LSB. An Auto-Zero cycle will maintain the 
zero error to ± 1 LSB or less. 

4.0 Dynamic Performance 

Many applications require the A/D converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as slgnal-to-noise+ distortion ratio 
(S/(N + D)), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
A/D converter’s capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. S/ 
(N + D) is calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for S/ 
(N + D) are shown in the table of Electrical Characteristics, 
and spectral plots are included in the typical performance 
curves. 

The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an Indication of the full power band- 
width (the frequency at which the S/(N + D) drops 3 dB). 


Rs 
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TL/H/1 1024-22 

FIGURE 6. Analog Input Equivalent Circuit 
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4.0 Dynamic Performance (Continued) 

Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1251 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC1251 when using the S/H control to start a conversion, 
the hold command is generated by the rising edge of S/H. 
The delay between the rising edge of S/H and the time that 

5.0 Typical Applications 


the ADC1251 actually holds the input signal is the aperture 
time. For the ADC1251, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1 251 with 1 00 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input signal whose slew rate is 12 V/jlls. 


Power Supply Bypassing 



TL/H/1 1024-23 


Protecting the Analog Inputs 

+5V 



TL/H/1 1024-24 

Note: External protection diodes should be able to withstand the op amp current limit. 



2-655 


ADC1251 




ADC12451 



National Semiconductor 


ADC12451 Dynamically-Tested Seif-Calibrating 
12-Bit Plus Sign A/D Converter with Santple-and-Hold 


General Description 

The ADC12451 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter whose dynamic 
specifications (S/N, THD, etc.) are tested and guaranteed. 
On request, the ADC12451 goes through a self-calibration 
cycle that adjusts linearity, zero and full-scale errors. The 
ADC12451 also has the ability to go through an Auto-Zero 
cycle that corrects the zero error during every conversion. 
The analog Input to the ADC12451 is tracked and held by 
the internal circuitry, so an external sample-and-hold is not 
required. The ADC12451 has a S/H control input which di- 
rectly controls the track-and-hold state of the A/D. A unipo- 
lar analog input voltage range (OV to +5V) or a bipolar 
range (-5V to +5V) can be accommodated with ±5V sup- 
plies. 

The 13-bit data result is available on the eight outputs of the 
ADC12451 in two bytes, high-byte first and sign extended. 
The digital inputs and outputs are compatible with TTL or 
CMOS logic levels. 

Applications 

■ Digital Signal Processing 

■ Audio 


■ Telecommunications 

■ High Resolution Process Control 

■ Instrumentation 


Features 

■ Self-calibration provides excellent temperature stability 

■ Internal sample-and-hold 

■ 8-bit fxP/DSP interface 

■ Bipolar input range with a single + 5V reference 


Key Specifications 

■ Resolution 

■ Conversion Time 

■ Sampling Rate 

■ Bipolar Signal/Noise 

■ Total Harmonic Distortion 

■ Aperture Time 

■ Aperture Jitter 

■ Zero Error 

■ Positive Full-Scale Error 

■ Power Consumption @ ± 5V 


12 bits plus sign 
7.7 /xs (max) 
83 kHz (max) 
73.5 dB (min) 
-78.0 dB (max) 
100 ns 
100 pSrms 
±2 LSB (max) 
±1.5 LSB (max) 
113 mW (max) 


Simplified Block Diagram 
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Connection Diagram 
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Top View 


Ordering information 


Industrial 

(-40X ^ Ta ^ 85"C) 

Package 

ADC12451CIJ 

J24A 

Military 

(-55“C ^ Ta ^ 125“C) 

Package 

ADC12451CMJ, 

ADC12451CMJ/883 

J24A 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Ratings (Notes 1 & 2 ) 

If Military/ Aerospace specified devices are required, Temperature Range ‘^min ^ 1~A ^ I'max 

please contact the National Semiconductor Sales ADC12451CIJ -40°C ^ Ta ^ +85°C 

Office/Distributors for availability and specifications. ADC1 2451 CMJ, 

Supply Voltage (Vcc = DVcc = AVcc) 6.5V ADC1 2451 CMJ/883 - 55°C ^ Ta ^ + 1 25°C 

Negative Supply Voltage (V“) -6.5V DVcc and AVcc Voltage 

Voltage at Logic Control Inputs -0.3V to (Vcc + 0.3V) ® ® 

Voltage at Analog Inputs Negative Supply Voltage (V) -4.5V to -5.5V 

(V|N. Vref) (V- -0.3V) to (Vcc + 0.3V) Reference Voltage 

AVcc-DVcc(Note7) 0.3V (Vref. Notes 6 & 7) 3.5V to AVcc + 50 mV 

Input Current at any Pin (Note 3) ± 5 mA 

Package Input Current (Note 3) ± 20 mA 

Power Dissipation at 25“C (Note 4) 875 mW 

Storage Temperature Range -65°C to + 1 50°C 

ESD Susceptability (Note 5) 2000V 

Soldering Information 

J Package (10 Seconds) 300°C 

Converter Electricai Characteristics 

The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V- = -5.0V, Vref = +5.0V, using S/H input for 
conversion control, and fcLK = 3-5 MHz unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin to T^ax; sII 
other limits Ta = Tj = 25°C. (Notes 6, 7 and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Note 10, 19) 

Units 

(Limit) 

STATIC CHARACTERISTICS 


Positive Integral Linearity Error 

After Auto-Cal, (Notes 1 1 & 12) 

±y2 


LSB 


Negative Integral Linearity Error 

After Auto-Cal, (Notes 1 1 & 12) 

±y2 


LSB 


Positive or Negative Differential Linearity 

After Auto-Cal (Notes 11 & 1 2) 

12 


Bits 


Zero Error (Notes 12 & 13) 

AZ = “0”,fcLK = 1.75 MHz 

±1 


LSB 

After Auto-Cal Only 


±2/ + 3.0 

LSB(max) 


Positive Full-Scale Error (Note 12) 

AZ = “0”,fcLK= 1.75 MHz 

±1 


LSB 

Auto-Cal Only 


±1.5/±2.S 

LSB (max) 


Negative Full-Scale Error (Note 1 2) 

AZ = “0”,fcLK = 1.75 MHz 

±1 


LSB 

Auto-Cal Only 


±1.5/ ±3.0 

LSB(max) 

ViN 

Analog Input Voltage 



V- - o.os 
Vcc + o.os 

V(min) 

V(max) 


Power Supply Sensitivity 

Zero Error (Note 1 4) 

AVcc = DVcc = 5V ±5%, 

Vref = 4.75V, V- = -5V ±5% 

±y8 


LSB 

Full-Scale Error 

±y8 


LSB 

Linearity Error 

±y8 


LSB 

Gref 

Vref Input Capacitance 


80 


PF 

D|N 

Analog Input Capacitance 


65 


pF 

DYNAMIC CHARACTERISTICS 


Bipolar Effective Bits (Note 1 7) 

f|N = 1 kHz,ViN = ± 4.85V 

12.6 


Bits 

f|N = 20.67 kHz, V|N = ± 4.85V 

12.6 

11.9 

Bits(min) 


Unipolar Effective Bits (Note 17) 

f|N = 1 kHz, V|N = 4.85 Vp.p 

11.8 


Bits 

f|N = 20.67 kHz, V|N = 4.85 Vp.p 

11.8 

11.1 

Bits(min) 

S/N 

Bipolar Signal to Noise Ratio (Note 17) 

f|N = 1 kHz, V|N = ± 4.85V 

78 


dB 

f|N = 10kHz,V|N = ± 4.85V 

78 


dB 

f|N = 20.67 kHz, V|N = ± 4.85V 

78 

73.5 



dB(min) 
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Converter Electrical Characteristics (continued) 

The following specifications appiy for Vcc = DVcc = AVcc = +5.0V, V” = -5.0V, Vref = +5.0V, using S/H input for 
conversion controi, and fciK = 3-5 MHz uniess otherwise specified. Boldface limits apply forlA = Tj = Tmin Tmax; alj 
other limits Ta = Tj = 25“C. (Notes 6, 7 and 8) 

Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Note 10, 19) 

Units 

(Limit) 

DYNAMIC CHARACTERISTICS (Continued) 

S/N 

Unipolar Signal to Noise Ratio (Note 1 7) 

f|N = 1 kHz, V|N = 4.85 Vp.p 

73 


dB 

f|N = 10kHz,V|N = 4.85Vp.p 

73 


dB 

f|N = 20.67 kHz, V|N = 4.85 Vp.p 

73 

68,7 

dB(min) 

THD 

Bipolar Total Harmonic Distortion (Note 17) 

flN = 1 kHz,V|N = ± 4.85V 

-82 


dB 

f|N = 20.67 kHz, V|N = ± 4.85V 

-80 

-78.0 

dB(max) 

THD 

Unipolar Total Harmonic Distortion (Note 17) 

f|N = 1kHz, V|N = 4.85 Vp.p 

-82 


dB 

f|N = 20.67 kHz, V|N = 4.85 Vp.p 

-80 

-73.1 

dB(max) 


Bipolar Peak Harmonic or Spurious Noise 
(Note 17) 

f|N = 1 kHz, V|N = ± 4.85V 

-88 


dB 

f|N = 10 kHz, V|N = ± 4.85V 

-84 


dB 

f|N = 20kHz, V|N = ± 4.85V 



dB 


Unipolar Peak Harmonic or Spurious Noise 
(Note 17) 

f|N = 1 kHz,V|N = 4.85 Vp.p 



dB 

flN = 10kHz,V|N = 4.85Vp.p 

-86 


dB 

flN = 20 kHz, ViN = 4.85 Vp.p 



dB 


Bipolar Two Tone Intermodulation Distortion 
(Note 17) 

V|N = +4.85V,f|Ni = 19.375 kHz, 
flN 2 = 20 kHz 



dB(max) 


Unipolar Two Tone Intermodulation Distortion 
(Note 17) 

V|N = 4.85Vp.p,f|Ni = 19.375 kHz, 
flN 2 = 20 kHz 

-78 


dB(max) 


-3 dB Bipolar Full Power Bandwidth 

ViN = ±4.85V,(Note17) 

25 

20.67 

kHz(min) 


-3 dB Unipolar Full Power Bandwidth 

V|N = 4.85 Vp.p. (Note 17) 

32 

20.67 

kHz(min) 


Aperture Time 


100 


ns 


Aperture Jitter 


100 


PSrms 



2-658 






Digital and DC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V“ = -5.0V, Vref = +5.0V, and fcLK = 3-5 MHz unless 
otherwise specified. Boldface limits apply for Ta = Tj = Tmin other limits Ta = Tj = 25°C. (Notes 6 and 7) 


Symbol 

Parameter 

Condition 

Typical 
(Note 9) 

Limit 

(Note 10, 19) 

Units 

(Limit) 

V|N(1) 

Logical “1 ” Input Voltage for 

All Inputs except CLK IN 

Vcc = 5.25V 


2.0 

V(min) 

V|N(0) 

Logical “0” Input Voltage for 

All Inputs except CLK IN 

Vcc = 4.75V 


0.8 

V(max) 

•lN(1) 

Logical “1 ” Input Current 

V|N = 5V 

0.005 

1 

)j,A(max) 

l|N(0) 

Logical “0” Input Current 

V,N = OV 

-0.005 

-1 

/xA(max) 

Vt + 

CLK IN Positive-Going 

Threshold Voltage 


2.8 

2.7 

V(min) 

Vt- 

CLK IN Negative-Going 

Threshold Voltage 


2.1 

2.3 

V(max) 

Vh 

CLK IN Hysteresis 
[VT+(min) - VT-(max)] 


0.7 

0.4 

V(min) 

V0UT(1) 

Logical “1 ” Output Voltage 

Vcc = 4.75V: 

■out = -360 ixA 


2.4 

V(min) 



■out = - 1 0 fxA 


4.5 

V(min) 

VoUTfO) 

Logical “0” Output Voltage 

Vcc = 4.75V, 

■out =1.6 mA 


0.4 

V(max) 

Iqut 

TRI-STATE® Output Leakage 

Vqut = 

-0.01 

-3 

fxA(max) 


Current 

VoUT = 5V 

0.01 

3 

jaA(max) 

■source 

Output Source Current 

Vqut = OV 

-20 

-6.0 

mA(min) 

■sink 

Output Sink Current 

Vqut = 5V 

20 

8.0 

mA(min) 

^■cc 

DVcc Supply Current 

CS = “1” 

1 

2.5 

mA(max) 

A^CC 

AVcc Supply Current 

^ = “1” 

2.8 

10 

mA(max) 

I- 

V“ Supply Current 

^ = “1” 

2.8 

10 

mA(max) 


AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V~ = -5.0V, tr = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. (Notes 6 and 7) 



Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Note 10, 19) 

Units 

(Limit) 

fCLK 

Clock Frequency 


0.5 

6.0 

3.5 

MHz 

MHz(min) 

MHz(max) 


Clock Duty Cycle 


50 

40 

60 

% 

%(min) 

%(max) 

tc 

Conversion Time using WR 
to start a Conversion 


27(1 /fcLK) 

27(1 /Iclk) + 250 ns 

(max) 

fCLK = 3.5 MHz,^=“1” 

7.7 

7.95 

jas(max) 

fCLK = 1.75 MHz, AZ = “0” 

15.4 

15.65 

jLLS(max) 

tc 

Conversion Time using S/H 
to start a Conversion 

^ = “1” 

34(1 /fcLK) 

34(1 /fcLK) +250 ns 

(max) 

fCLK = 3.5MHz,^= “1” 

9.7 

9.95 

jbLS(max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for DVcc = AVcc = +5.0V, V" = —5.0V, tp = tf = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Tj = Tmin to Tmax; ^ill other limits Ta = Tj = 25‘’C. (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 9) 

Limit 

(Note 10, 19) 

Units 

(Limit) 

tA 

Acquisition Time 
(Note 15) 

Rsource = 5oa 

3.5 

3.5 

jLis(min) 

t|A 

internai Acquisition Time 
(when using WR Controi Oniy) 


7(1/fcLK) 

7(1/fcLK) 

(max) 

tZA 

Auto Zero Time + 


33(1 /fcLK) 

33(1 /fcLK) + 250 ns 

(max) 


Acquisition Time 

fCLK= 1.75 MHz 

18.8 

19.05 

jas(max) 

tD(EOC)L 

Delay from Hold Command 

Using WR Control 

200 

350 

ns(max) 


to Falling Edge of EOC 

Using S/H Control 

100 

150 

ns(max) 


Calibration Time 


1399 (1/fcLK) 

1399(1/fcLK) 

(max) 



fcLK = 3.5 MHz 

399 

400 

jLts(max) 

tw(CM:)L 

Caiibration Puise Width 

(Note 16) 

60 

200 

ns(min) 

tW(WR)L 

minimum WR Pulse Width 


60 

200 

ns(min) 

tACC 

maximum Access Time 
(Delay from Falling Edge of 

W to Output Data Valid) 

Cl = 100 pF 

50 

95 

ns(max) 

tOH.tiH . 

TRI-STATE Control (Delay 
from Rising Edge of ^ 
to Hi-Z State) 

Rl = 1 kn, 

Cl= 100 pF 

30 

70 

ns(max) 

^PD(]FrT) 

maximum Delay from Falling Edge 
of or WR to Reset of iNT 


100 

175 

ns(max) 

tRR 

Delay between Successive RD Pulses 


30 

60 

ns(min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|n > (AVcc or DVcc). the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The power dissipation of this device under normal operation should never exceed 191 mW (Quiescent Power Dissipation + 1 TTL Load on each digital 
output). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (ex. when any inputs or 
outputs, exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^gx (maximum junction 
temperature), 8 ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is PoMax = (TjMax “ Ta)/8ja O'’ the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tj^ax = 150*C, and the typical thermal 
resistance (0ja) of the ADC12451 with CMJ, and CIJ suffixes when board mounted is 51®C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. This means that if AVcc arid DVcc are minimum (4.75 Vqc) and V“ is maximum (-4.75 Vqc). the analog input full-scale voltage must be ^ ±4.8 Vcc- 


DVcc 



TL/H/1 1025-4 
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Electrical Characteristics (Continued) 

Note 7: A diode exists between AVcc and DVcc as shown below. 


AVcc 


DVcc 

TL/H/1 1025-5 

To guarantee accuracy, it is required that the AVcc and DVcc b® connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at fcLK = MHz. At higher or lower clock frequencies accuracy may degrade, see the typical performance characteristic curves. 
Note 9: Typicals are at Tj = 25*0 and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 

Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 

Note 12: The ADC12451 's self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of ±0.20 LSB. 

Note 13: If T/\ changes then an Auto-Zero or Auto-Cal cycle will have to be re-started, see the typical performance characteristic curves. 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 

Note 15: When using the WR control to start a conversion if the clock is asynchronous to the rising edge of WR an uncertainty of one clock period will exist in the 
end of the Interval of tA, therefore making tA end a minimum 6 clock periods or a maximum 7 clock periods after the rising edge of WR. If the falling edge of the 
clock is synchronous to the rising edge of WR then tA will end exactly 6.5 clock periods after the rising edge of WR. This does not occur when S/H control is used. 
Note 16: The CAL line must be high before a conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 

Note 18: The ADC12451 reference ladder is composed solely of capacitors. 

Note 19: A military RETS electrical test specification is available on request. At time of printing, the ADC12451CMJ/883 RETS specification complies fully with the 
boldface limits in this column. 


uy 

03 - 


TO INTERNAL 
CIRCUITRY 


CIRCUITRY 



TL/H/1 1025-6 

FIGURE la. Transfer Characteristic 



2-661 


ADC12451 



Electrical Characteristics (Continued) 


Positive 

Linearity Error 


-4096 

Negative 

Full-Scale 

Error 


'Negative “^LSB - 
Linearity 

Error i co . 


\ Zero Error 

INPUT VOLTAGE 


I Positive 
Full-Scale 
Error 

..J 


OUTPUT CODE 
(from -4096 to +4095) 

.TL/H/1 1025-7 

FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cai or Auto-Zero Cycles 
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LINEARITY 

ERROR 


NEGATIVE INPUT RANGE 


POSITIVE 

LINEARITY 

ERROR 


POSITIVE 

FULL-SCALE 

ERROR 


• INPUT VOLTAGE 


+4095 

POSITIVE INPUT RANGE 


OUTPUT CODE 
(from -4096 to +4095) 

FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cai Cycle 

Typical Performance Characteristics 


Zero Error Change vs 
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Zero Error vs Vref 


Linearity Error vs Vref 
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Typical Performance Characteristics (Continued) 


Linearity Error vs 
Ciock Frequency 


AVcc = DVc 
V- = -5.0V 
Vref = «.0 
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V 
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♦25®C 
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CLOCK FREQUENCY (MHz) 

Bipolar Signal-to- 
Noise+ Distortion Ratio vs 
Input Frequency 


-V,n = ±5V 


Rs = 600X1 


^V,n = ±2.5V 


Tx=25®C 

DVcc = AVcc = Vref = +5.0V 
V" = -5.0V 
fcLK = 5.5MHz 

Sampling Frequency = 83 kHz 
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Typical Performance Characteristics (Continued) 


Unipolar Spectral Response 
with 10 kHz Sine Wave Input 
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Test Circuits 
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FIGURE 2. TRI-STATE Test Circuits and Waveforms 
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Timing Diagrams 

Auto-Cal Cycle 
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Timing Diagrams (Continued) 


Using WR Control to Start a Conversion without Auto-Zero (CAL 1, AZ = 1) 





High Byta Low Byte 

0B8-DB12 DB0-DB7 


TL/H/1 1025-18 


Using S/H Control to Start a Conversion without Auto-Zero (AZ = 1,CAL= 1) 



High Byta Low Byta 

DB8-DBI2 DB0-DB7 
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1.0 Pin Descriptions 


DVcc (24), 
AVcc (4) 


V- (5) 

DGND (12), 
AGND (3) 

Vref(2) 

Vin(1) 

CS(10) 

RD(23) 

WR(7) 

S/H(11) 


CLKIN (8) 
^( 9 ) 


AZ(6) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC12451 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 jaF tantalum in 
parallel with a 0.1 /mF ceramic) at each Vcc 
pin. 

, The analog negative supply voltage pin. V~ 
has a range of -4.5V to -5.5V and needs 
bypass capacitors of 1 0 jaF tantalum in paral- 
lel with a 0.1 jaF ceramic. 

The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 

The reference Input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below +3.5 Vpc- 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V- by more than 50 mV. 

The Chip Select control in put. This input is 
active low and enables the WR, RD and S/H 
functions. 

The Read control input. With both CS and TO 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 

The Write control input. The conversion is 
started on the rising edge of the WR pulse 
when CS is low. When this control line Is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC12451. 

The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of S/H 
starts the analog In^put acquisition window. 
The rising edge of S/H ends the acquisition 
window and starts a conversion. 

The external clock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 

The Auto-Calibration control input. When 
CAL is low the ADC1 2451 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 

The Auto-Zero control input. With the Tz pin 
held low during a conversion, the ADC12451 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


EOC (22) 
lfTr(21) 


DB0/DB8 - 
DB7/DB12 
(13-20) 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 

The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the re- 
sult or starting a conversion or calibration cy- 
cle will reset this output high. 

The TRI-STATE output pins. Twelve bit plus 
sign output data ^ess is accomplished using 
two successive RDs of one byte each, high 
byte first (DB8-DB12). The data format used 
is two’s complement sign bit extended with 
DB12 the sign bit, DB1 1 the MSB and DBO the 
LSB. 


2.0 Functional Description 

The ADC12451 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Calibration routines to 
minimize zero, full-scale and linearity errors. It is a succes- 
sive-approximation A/D converter consisting of a DAC. 
comparator and a successive-approximation register (SAR) 
Auto-Zero is an internal calibration sequence that corrects 
for the A/D’s zero error caused by the comparator’s offset 
voltage. Auto-Cal is a calibratiori cycle that not only corrects 
zero error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12451 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC12451 at any time, which ensures accuracy over 
temperature and time. 

2.1 DIGITAL INTERFACE 

On po wer u p, a calibration s^uence should be initiated by 
pulsi ng CAL low with CS and S/H high. To acknow ledg e the 
CAL signal, EOC goes low after the falling edge of CAL, and 
remains low during the calibration cycle of 1 399 clock peri- 
ods. During the calibration sequence, first the comparator’s 
offset is determined, then the capacitive DAC’s mismatch 
error is found. Correction factors for these errors are then 
stored in internal RAM. 

A conversion is initiated by taking CS and WR low. If AZ is 
low an Auto-Zero cycle, which takes approximately 26 clock 
periods, is inserted before the analog input is sampled and 
the actual conversion Is started. AZ must remain low during 
the complete conversion sequence. After Auto-Zero the ac- 
quisition opens and the analog input is sampled for appprox- 
imately 7 clock periods. If Tl. is high, the Auto-Zero cycle is 
not Inserted after the rising edge of WR. In this case the 
acquisition window opens when the ADC12451 completes a 
conversion, signaled by the rising edge of EOC At the end 
of the acquisition window EOC goes low. signaling that the 
analog input is no longer being sampled and that the .A/D 
successive approximation conversion has startec 
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2.0 Functional Description (Continued) 

A conversion sequence can also be controlled by the S/H 
and CS inputs. Taking CS and S/H low starts the acquisrtion 
window for the analog input voltage. The rising edge of S/H 
immediately puts t]ne A/D in the hold mode and starts the 
conversion. Using S/H will simplify synchronizing the end of 
the acquisition window to other signals, which may be nec- 
essary in a DSP environment. 

During a conversion, the sampled input voltage Is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise It is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC12451. Next INT goes 
low, and EOC goes high to signal the end of the conversion. 
The result can now be read by taking ^ and ^ low to 
enable the DB0/DB8-DB7/DB12 output buffers. The high 
byte of data is relayed first on the data bus outputs as 
shown below: 


DBO/ 

DBS 

DB1/ 

DB9 

DB2/ 

DB10 

DBS/ 

DB11 

DB4/ 

DB12 

DBS/ 

DB12 

DBS/ 

DB12 

DB7/ 

DB12 

Bits 

Bit 9 

Bit 10 

MSB 

Sign Bit 

Sigh Bit 

Sign Bit 

Sign Bit 


Taking CS and RD low a second time will relay the low byte 
of data on the data bus outputs as shown below: 


DBO/ 

DBS 

DB1/ 

DB9 

DB2/ 

DB10 

DBS/ 

DB11 

DB4/ 

DB12 

DBS/ 

DB12 

DBS/ 

DB12 

DB7/ 

DB12 

LSB 

Biti 

Bit 2 

Bits 

Bit 4 

Bits 

Bits 

Bit 7 


The table In Figure 3 summarizes the effect of the digital 
control inputs on the function of the ADC12451. The Test 
Mode, where RD and S/H are high and CS and CaL are 
low. Is used during manufacture to thoroughly check out 


the operation of the ADC1 2451 . Care should be taken not to 
Inadvertently be in this mode, since DB2, DBS, DBS, and 
DBS become active outputs, which may cause data bus 
contention. 

2.2 RESETTING THE A/D 

The ADC12451 is reset whenever a new conversion is start- 
ed by taking CS and WR or S/H low. If this is done when the 
analog Input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. When 
using WR or S/H without Auto-Zero (AZ = 1) to start a 
conversion, a new conversion can be restarted only after 
EOC has gone high signaling the end of the current conver- 
sion. When using WR with Auto-Zero (AZ = 0) a new con- 
version can be restarted during the first 26 clock periods 
after the rising edge of WR (tz) or after EOC has returned 
high without corrupting the Auto-Cal correction factors. 

The Calibration Cycle cannot be reset once started. On 
power-up the ADC12451 automatically goes through a Cali- 
bration Cycle that takes typically 1 399 clock cycles. For rea- 
sons that will be discussed in Section 3.8, a new calibration 
cycle needs to be started after the completion of the auto- 
matic one. 

3.0 Analog Considerations 

3.1 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between V|n and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vref '^ust have a 
very low output Impedance and very low noise. The circuit in 
Figure 4a is an example of a very stable reference that is 
appropriate for use with the ADC12451. The simple refer- 
ence circuit of Figure 4b may be used when the application 
does not require a low full-scale error. 


Digital Control Inputs 

A/D Function 

CS 

WR 

S/H 

RD 

CAL 

AZ 

U" 

"LT 

1 

1 

1 

1 

Start Conversion without Auto-Zero 

i_r 

1 

.U" 

1 

1 

1 

Start Conversion synchronous with rising edge of S/H without Auto-Zero 

T-T 

1 

1 

"LT 

1 

1 

Read Conversion Result without Auto-Zero 

U" 

■LT 

1 

1 

1 

0 

Start Conversion with Auto-Zero 

IT 

1 

1 

“LT 

1 

0 

Read Conversion Result with Auto-Zero 

1 

X 

1 

X 

U" 

X 

Start Calibration Cycle 

0 

X 

X 

1 

0 

X 

Test Mode (DB2, DB3, DB5, and DB6 become active) 


FIGURE 3. Function of the A/D Control Inputs 
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3.0 Analog Considerations (Continued) 



FIGURE 4a. Low Drift Extremely Stable Reference Circuit 


>8BYH-5.0 I e ■ 

-] * IOmF =^' 

j ton I 


to ADC12451 
Vref* = +5V 
■O 


i‘ 


to ADC12451 
AGND 


TL/H/1 1025-21 


Errors without any trims: 

25“C 

Full Scale ±0.075% 

Zero ±0.024% 

Linearity ± Va LSB 


, -40°Cto +85°C 
± 0 . 2 % 
±0.024% 
± 1/2 LSB 


FIGURE 4b. Simple Reference Circuit 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/0 reference. When this 
voltage is the system power supply, the Pin can be 
tied to Vcc- This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

3.2 ACQUISITION WINDOW 

As shown In the timing diagrams there are three different 
methods of starting a conversion, each of which affects the 
acquisition window and timing. 

With Auto-Zero high a conversion can be started with the 
WR or S/H controls. In either method of starting a conver- 
sion the rising edge of EOC signals the actual beginning of 
the acquisition window. At this time a voltage spike may be 
noticed on the analog input of the ADC12451 whose ampli- 
tude is dependent on the input voltage and the source re- 
sistance. The timing diagrams for these two methods of 
starting a conversion do not show the acquisition window 
starting at this time because the acquisition time (tA) must 
start after the conversion result high and low bytes have 
been read. This is necessary since activating and deactivat- 
ing the digital outputs (DB0/DB7-DBa/DB12) causes cur- 
rent fluctuations in the ADC12451’s internal DVcc lines. 
This generates digital noise which couples Into the capaci- 
tive ladder that stores the analog input voltage. Therefore, 
the time interval between the rising edge of EOC and the 
second read is Inappropriate for analog input voltage acqui- 
sition. 

When WPf is used to start a conversion with aZ low the 
Auto-Zero cycle is inserted before the acquisition window. In 


this method the acquisition window is Internally controlled 
by the ADC12451 and lasts for approximately 7 clock peri- 
ods. Since the acquisition window needs to be at least 
3.5 juts at all times, when using Auto-Zero the maximum 
clock frequency is limited to 2 MHz. The zero error with the 
Auto-Zero cycle Is production tested at a clock frequency of 
1.75 MHz. This accommodates easy switching between a 
conversion with the Auto-Zero cycle (fcLK == 1 -75 MHz) and 
without (fcLK = 3-5 MHz) as shown in Figure 5. 



FIGURE 5. Switching between a Conversion with and 


without Auto-Zero when Using WR Controi 

3.3 (NPUT CURRENT 

Because the input network of the ADC12451 is made up of 
a switch and a network of capacitors a charging current will 
flow into or out of (depending on the input voltage polarity) 
of the analog input pin (Vjn) on the start of the analog input 
sampling period. The peak value of this current will depend 
on the actual input voltage applied and the source resist- 
ance. 

3.4 NOISE 

The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. input filtering can be used to reduce the effects of 
these noise sources. 
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3.0 Analog Considerations (Continued) 

3.5 INPUT BYPASS CAPACITORS 

An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 

3.6 INPUT SOURCE RESISTANCE 

The analog input can be modeled as shown in Figure 6. 
External Rs will lengthen the time period necessary for the 
voltage on Cref to settle to within 1/2 LSB of the analog 
input voltage. With Xp, = 3.5 /xs, Rs ^ 1 kfl will allow a 5V 
analog input voltage to settle properly. 

3.7 POWER SUPPLIES 

Noise spikes on the Vcc and V“ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the Auto-Zero 
or -Cal procedures to any power supply spikes. Low induc- 
tance tantalum capacitors of 1 0 /xF or greater paralleled 
with 0.1 jaF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors should be placed 
close to the DVcc. AVcc and V“ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 

3.8 THE CALIBRATION CYCLE 

On power up the ADC12451 goes through an Auto-Cal cy- 
cle which cannot be interrupted. Since the power supply, 
reference, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full-scale, 
offset, and linearity errors down to the specified limits. Full- 
scale error typically changes ±0.2 LSB over temperature 
and linearity error changes even less; therefore It should be 
necessary to go through the calibration cycle only once af- 
ter power up if Auto-Zero is used to correct the zero error 


change. Since Auto-Zero cannot be activated with S/H con- 
version method it may be necessary to do a calibration cy- 
cle more than once. 

3.9 THE AUTO-ZERO CYCLE 

To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curve titled “Zero Error 
Change vs Ambient temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vqs of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than ± 1 LSB. An auto-zero cycle will typically main- 
tain the zero error to ± 1 LSB or less. 

4.0 Dynamic Performance 

Many applications require the A/D converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter's performance with ac Input signals. The Important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as signal-to-noise (S/N), slgnal-to- 
noise+ distortion ratio (S/(N + D)), effective bits, full power 
bandwidth, aperture time and aperture jitter are quantitative 
measures of the A/D converter’s capability. 

An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s Input, and the trans- 
form Is then performed on the digitized waveform. S/(N + D) 
and S/N are calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for S/N 
are shown in the table of Electrical Characteristics, and 
spectral plots of S/(N + D) are included in the typical per- 
formance curves. 

The A/D converter’s noise and distortion leyels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) or S/N drops 
3dB). 


Rs 

R|nt 


VW f ^ 






TL/H/1 1025-23 

FIGURE 6. Analog Input Equivalent Circuit 
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4.0 Dynamic Performance (Continued) 


Effective number of bits can also be useful in describing the 
A/D’s noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equation; 

S/N = (6.02 X n + 1.8)dB 
where n is the A/D’s resolution in bits. 


The effective bits of a real A/D converter, therefore, can be 
found by: 


n(effective) = 


S/N(dB)-1.8 

6.02 


As an example, an ADC12451 with a ±5V, 10 kHz sine 
wave input signal will typically have a S/N of 78 dB, which is 
equivalent to 1 2.6 effective bits. 


Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC12451 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC12451, the hold command is internally generated. 
When the Auto-Zero function is not being used, the hold 
command occurs at the end of the acquisition window, or 
seven clock periods after the rising edge of the WR. The 
delay between the internally generated hold command and 
the time that the ADC12451 actually holds the input signal is 
the aperture time. For the ADC12451, this time Is typically 
100 ns. Aperture jitter is the change in the aperture time 
from sample to sample. Aperture jitter is useful In determin- 
ing the maximum slew rate of the input signal for a given 
accuracy. For example, an ADC12451 with 100 ps of aper- 
ture jitter operating with a 5V reference can have an effec- 
tive gain variation of about 1 LSB with an input signal whose 
slew rate is 12 V/ju,s. 


5.0 Typical Applications 


Power Supply Bypassing 



TL/H/1 1025-24 


Protecting the Analog Inputs 

+5V 



TL/H/11 025-25 

Note: External protection diodes should be able to withstand the op amp current limit. 
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N,.a tional Semiconductor 


ADC16071/ADC16471 

16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converters 


General Description 

The ADC1 6071 /ADC1 6471 are 16-bit delta-sigma analog- 
to-digital converters using 64 x oversampling at 
12.288 MHz. A 5th-order comb filter and a 246 tap FIR deci- 
mation filter are used to achieve an output data rate of up to 
192 kHz. The combination of oversampling and internal digi- 
tal filtering greatly reduces the external anti-alias filter re- 
quirements to a simple RC low pass filter. The FIR filters 
offer linear phase response, 0.005 dB passband ripple, and 
^90 dB stopband rejection. The ADC1 6071 /ADC1 6471 ’s 
analog fourth-order modulator uses switched capacitor 
technology. A built-in fully-differential bandgap voltage ref- 
erence Is also Included in the ADC16471. The ADC16071 
has no internal reference and requires externally applied 
reference voltages. 

The ADC1 6071 /ADC1 6471 use an advanced BiCMOS pro- 
cess for a low power consumption of 500 mW (max) while 
operating from a single 5V supply. A power-down mode re- 
duces the power supply current from 1 00 mA (max) in the 
active mode to 1 .3 mA (max). 

The ADC1 6071 /ADC1 6471 are ideal analog-to-digital front 
ends for signal processing applications. They provide a 
complete high resolution signal acquisition system that re- 
quires a minimal external anti-aliasing filter, reference, or 
Interface logic. 

The ADC1 6071 /ADC1 6471 ’s serial Interface is compatible 
with the DSP56001, TMS320, and ADSP2100 digital signal 
processors. 


Key Specifications 

■ Resolution 

■ Total harmonic distortion 
48 kHz output data rate 
192 kHz output data rate 

■ Maximum output data rate 

■ Power dissipation 
— Active 

192 kHz output data rate 
48 kHz output data rate 
— Power-down 


16 bits 

-94 dB (typ) 
-80 dB (typ) 
192 kHz (min) 


500 mW (max) 
275 mW (max) 
6.5 mW (max) 


Key Features 

■ Voltage reference (ADC16471 only) 

■ Fourth-order modulator 

■ 64 X oversampling with a 12.288 MHz sample rate 

■ Adjustable output data rate from 7 kHz to 192 kHz 

■ Linear-phase digital anti-aliasing filter; 

— 0.005 dB passband ripple 

— 90 dB stopband rejection 

■ Single + 5V supply 

■ Power-down mode 

■ Serial data interface compatible with popular 
DSP devices 


Appiications 

■ Medical instrumentation 

■ Process control systems 

■ Test equipment 

■ High sample-rate audio 

■ Digital Signal Processing (DSP) analog front-end 

■ Vibration and noise analysis 


Connection Diagram 



TL/H/1 1454-2 


Ordering Information 


Part No. 

Package 

NS Package 
No. 

ADC16471CIN 

24-Pin Molded DIP 

N24C 

ADC16471CIWM 

24-Pln SOIC 

M24B 

ADC16071CIN 

24-Pin Molded DIP 

N24C 

ADC16071CIWM 

24-Pin SOIC 

M24B 
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Block Diagram 


ADC16471 


'^REF- '^MID '^REF+ 


Vd" 


V AGND MGND 


DGND DGND 



TL/H/1 1454-1 


ADC16071 


'^REF- '^MID '/REFf 


AGND MGND DGND 


DGND 
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Absolute Maximum Ratings (Notes i and z) 

If Military/ Aerospace specified devices are required, ESD Susceptibility (Note 5) 

please contact the National Semiconductor Sales Human Body Model 4000V 

Office/Distributors for availability and specifications. Machine Model 250V 

Supply Voltage (Va+, Vd+, and Vm+) +6.5V See AN-450 “Surface Mounting Methods and Their Effect 

Logic Control Inputs -0.3V to Vd+ + 0.3V Product Reliability" for other methods of soldering sur- 

Voltage at other face mount devices. 

inputs and Outputs -0.3VtoVA+ = Vm+ + 0.3V 

lnputCurrentatAnyPin(Note3) ±25mA Operating Ratings (Notes 1 and 2) 

Package Input Current (Note 3) ±100 mA Temper^ure Rar^e 

Maximum Junction Temperature (Note 4) 150"C ADC16471CIN, ADC16071CIN, -40°C ^ Ta ^ +85°C 

Storage Temperature -65'’Cto +150“C ADC16471CIWM, ADC16071CIWM 

Lead Temperature Supply Voltage 

N Package (Soldering, 10 sec.) 300°C Va+,Vd+,Vm+ 4.75V to 5.25V 

WM Package (Infrared, 1 5 sec.) 220'’C 

WM Package (Vapor Phase, 60 sec.) 21 5‘’C 

Converter Electrical Characteristics 

The following specifications apply for Vm+ = Va+ = Vd+ = S.OVpc. Vmid = Va +/2 = 2.50V, Vref+ = Vmid + 1.25V, 
Vref- = Vmid ~ 1.25V, fcLK = 24.576 MHz, and dynamic tests are performed with an input signal magnitude set at -6 dB 
with respect to a full-scale input unless otherwise specified. Boldface limits apply for = Tj = Tmin to Tmaxi other 

limits Ta = Tj = 2U‘Q. 

Symbol 

Parameter 

Conditions 

Typicai 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 


Resolution 



16 

Bits 

tCLK = 24.576 MHz (fs = 192 kHz) 

S/(N + D) 

Signal-to-Noise + Distortion Ratio 

Measurement bandwidth = 0.45fs 
flN = 19 kHz 

, 76 

72 

dB (min) 

THD 

Total Harmonic Distortion 

flN = 19 kHz 

IQIOi 


% (max) 

IMD 

Intermodulation Distortion 

fl = 18.5 kHz, f 2 = 19.5 kHz 

IQQQIII 


% (max) 


Converter Noise Floor (Note 8) 

Measurement Bandwidth = 0.45fs 

-88 

-77 

dBFS (min) 

fCLK = 6-144 MHz (fs = 48 kHz) 

S/(N + D) 

Signal-to-Noise + Distortion Ratio 

Measurement bandwidth = 0.45fs 
flN = 5 kHz 

85 

80 

73 

dB (min) 
dB (min) 

THD 

Total Harmonic Distortion 

f|lsj = 5 kHz 

0.002 

0.0055 

0.008 

% (max) 

% (max) 

IMD 

Intermodulation Distortion 

fi = 4 kHz, f 2 = 5.5 kHz 

0.003 

0.009 

0.01 

% (max) 

% (max) 


Converter Noise Floor (Note 8) 

Measurement Bandwidth = 0.45fs 

-99 

-92 

-89 

dBFS (min) 
dBFS (min) 

OTHER CONVERTER CHARACTERISTICS 

Z|N 

Input Impedance (Note 9) 


34 


kn 

AAv 

Gain Error 


±0.2 

±1.0 

%FS (max) 

Vos 

Input Offset Voltage 


15 


mV 

Ia 

Analog Power Supply Current 


23 

31 

mA (max) 

■m 

Modulator Power Supply Current 


m 

d 

mA (max) 

Id 

Digital Power Supply Current 

fCLK = 24.576 MHz 
fCLK ~ 6.144 MHz 



mA (max) 

ISPD 

Power-Down Supply Current 

Ia + Id + Im 


1.3 

mA 

Pd 

Power Dissipation 


0.375 

0.5 

w 

Vmid 



Va+/2 


V 
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Digital Filter Characteristics 

The following specifications appiy for Va+ = Vd+ = Vm+ = 5V unless otherwise specified. Boldface limits apply for 
Ta = Tj = Tmin to Tmaxl all Other limits Ta = Tj = 25“C. 



Stopband Rejection 


Passband Ripple 
3 dB Cutoff Frequency 
Data Latency 


Typical 

Limits 

Units 

(Note 6) 

(Note 7) 

(Limit) 

-90.0 


dB 

±0.005 


dB 

0.45 


fs 

3,968 


Clock Cycles 


Reference Characteristics (adci647i omy) 

The following specifications apply for Va+ = Vd+ = Vm+ = 5V, unless otherwise specified. Boldface limits apply for Ta 
= Tj = Tmin to Tmaxi all Other limits Ta = Tj = 25‘’C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 

Vref"^ 

Positive Internal Reference 
Output Voltage 


VmiD + ‘••25 

Vmid + 1-175 
Vmid + 1.325 

V (min) 

V (max) 

Vref“ 

Negative Internal Reference 
Output Voltage 


VmID - 1.25 

Vmid - 1-325 

Vmid - 1-175 

V (min) 

V (max) 

A(VreF+- 

Vref-)/AT 

Internal Reference 
Temperature Coefficient 


30 


ppm/®C 

AVref + /AI 

Positive Internal Reference 
Load Regulation 

Sourcing (0 mA ^ 1 ^ +10 mA) 
Sinking (-1 mA ^ I ^ 0 mA) 

3.4 

6.0 

mV /m^iy^ 

AVref-/AI 

Negative Internal Reference 
Load Regulation 

Sinking (-1 mA ^ 1 ^ 0 mA) 
Sourcing (0 mA ^1^10 mA) 

3.2 

6.0 

1 1 1 V 1 ICIA/ 


Input Reference Characteristics (adci 607 i oniy) 

The following specifications apply for Va+ = Vp+ = = 5V. 


Symbol 

Parameter 

Conditions 

(Note 6) 

Limits ,, 

.... X Units 

(Note 7) 

VreF+ 

Positive Reference Voltage 

1 

V 



Va+ 

V 

VreF- 

Negative Reference Voltage 

0 

V 



Va+ - 1 ■ 

V 

VreF+-VreF- 

Total Reference Voltage 

1 

V 



Va + 

V 
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DC Electrical Characteristics 

The following specifications apply for Va+ = Vd+ = - 5V unless otherwise specified. Boldface limits apply for Ta 

= Tj = Tmin Tmax; all other limits Ta = Tj = 25‘^C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 

V,H 

Logic High Input Voltage 

Vd+ = 5.25V 


Vd+ 

2.3 

V (max) 

V (min) 

ViL 

Logic Low Input Voltage 

Vd+ = 4.75V 


0.8 

-0.3 

V (max) 

V (min) 

VoH 

Logic High Output Voltage 

Logic High Output Current = -400 jixA, 
Vd+ = 4.75 V 


2.4 

V (min) 

VoL 

Logic Low Output Voltage 

Logic Low Output Current = 2 mA, 

Vd+ = 5.25 V 


0.5 

V(max) 

l|N(1) 

. Logical “1 ” Input Current 


1.0 

5.0 

jliA (max) 

l|N(0) 

Logical “0” Input Current 


-1.0 

-5.0 

jliA (max) 

ijsi 

SDO TRI-STATE® Leakage Current 

V|N = 0.4V to 2.4V 

1.0 

5.0 

jaA (max) 

C|N 

Logic Input Capacitance 

V|N — 0 to Vd"^ 

5 


pF 

AC Electrical Characteristics for Clock In (CLK), Serial Clock Out (SCO), and 
Frame Sync In (FSi) 

The following specifications apply for Va+ = Vd+ = Vm+ = 5V unless otherwise specified. Boldface limits apply for Ta 
= Tj = Tmiii to TnnAXi all Other limits Ta — Tj = 25®C. 

Symbol 

Parameter 

Conditions 

Typicai 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 

tCLK 

CLK Frequency Range 
(^CLK = 1 /tCLK) 



25 

1 

MHz (max) 

MHz (min) 

tCLK 




1000 

40 

ns (max) 
ns (min) 

tCLKL 

CLK Low Pulse Width 



16 


tCLKH 

CLK High Pulse Width 



14 

ns (min) 

tR 

CLK Rise Time 



10 

3 

ns (max) 
ns (min) 

tp 

CLK Fall Time 



10 

3 

ns (max) 
ns (min) 

tpSILOW 

Minimum Frame Sync Input 

Low Time before Frame Sync 
Input Asserted High 


2 


tCLK (min) 

tpsisu 

Frame Sync Input Setup Time 



10 

ns (min) 

tpSIH 

Frame Sync Input Hold Time 



10 

ns (min) 

tsCOD 

Serial Clock Output Delay 

Time from Rising Edge 
of CLK 


12 

20 

5 

ns (max) 
ns (min) 

tsco 

Serial Clock Output Period 



4 

tCLK 
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AC Electrical Characteristics for Frame Sync Out (FSO), Serial Clock Out 
(SCO), and Serial Data Out (SDO) 

The following specifications apply for Va+ = Vd+ = Vm+ = 5V unless otherwise specified. Boldface limits apply for Ta 
= T j = Tmin Tmax! aH other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 

tSCOFSOH 

Delay from Serial Clock Out to 
Frame Sync Output High 


2 

5 

ns (max) 

tSCOFSOL 

Delay from Serial Clock Out to 
Frame Sync Output Low 


2 

5 

ns (max) 

tSDOV 

Delay from Serial Clock Out to 

Serial Data Output Valid 


3 

8 

ns (max) 

tpSIFSOL 

Delay from Frame Sync Input to 
Frame Sync Output Low 



8 

tcLK (max) 


AC Electrical Characteristics for Data Output Enable (DOE) 

The following specifications apply for Va+ = Vd+ = Vm'*' = 5V unless otherwise specified. Boldface limits apply for Ta 
= Tj = Tmih to TiiAxi other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limits 
(Note 7) 

Units 

(Limit) 

toOEE 

Data Output Enable Delay Time 


20 

25 

ns (max) 

toOED 

Data Output Disable Delay Time 


16 

20 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions. 
Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or V|n > (Va+ , V|vi + , or Vq^)), the current at that pin should be limited 
to 25 mA. The 100 mA maximum package input current rating allows the voltage at any four pins, with an input current of 25 mA each, to simultaneously exceed the 
power supply voltages. 

Note 4: The maximum power dissipation is a function of the maximum junction temperature (Tj(max)). total thermal resistance (0 ja), and ambient temperature (Ta). 
The maximum allowable power dissipation at any ambient temperature is PD(max) = (Tj(max) “ Ta)/0ja- When board mounted, the ADC16071/ADCl647Ts 
typical thermal resistance is: 


Order Number 

^JA 

ADC16071CIN, ADC16471CIN 

47“C/W 

ADC1 6071 CIWM, ADCI 6471 CIWM 

72“C/W 


Note 5: Human body model, 100 pF discharge through a 1.5 kn resistor. The machine model is a 200 pF capacitor discharged directly into each pin. 
Note 6: Typicals are at Ta = 25'’C and represent most likely parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 8: The V|n+ pin is shorted to the Vin” pin. 

Note 9: The input impedance between V|n+ and V|n_ due to the effective resistance of the switch capacitor input varies as follows: 

1012 


Z|N = 


2.35M^) 


2 
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Typical Performance Characteristics 


S/(N + D) vs V|N Amplitude 


_fs= 192kHz_ 
% =80 kHz 

_Ta=25°C 

V[j+ = 5.00V 
-V.+ = 5.00V- 


-80 -70 -60 -50 -40 -30 -20 -10 0 
V|N Amplitude (dBFS) 

Spectral Response, 
fs= 192 kHz, 
flN = 20 kHz 



0.0 16.0k 32.0k 48.0k 64.0k 80.0k 96.0k 
FREQUENCY (Hz) 


S/(N + D) vs Output 
Data Rate (fs) 














V... =- 

idB 


f|N=20 kHz 


T;^=250C 


VA•^ = 5.00V 









Spectral Response, 
fs = 192 kHz, 
flN = 80 kHz 



0.0 |6.0k 32.0k 48.0k 64.0k 80.0k 96.0k 
FREQUENCY (Hz) 


S/(N + D) vs Temperature 


V,N = -6dB 
-f 5 = 192 kHz- 
-f|N = 20kHz — 
VQ+=5.00V_ 
■v*+ = 5.00V 


-50 -25 0 25 50 75 100 

Ambient Temperature (®C) 

Spectral Response, 
fs = 48 kHz, 
fiN = 5 kHz 



0.0 4.00k 8.00k 12.0k 16.0k 20.0k 24.0k 
. FREQUENCY (Hz) 


Analog Supply Current 
(Ia + Im) vs Temperature 


_V^+ = 5.00V 1 
_Vp+ = 5.00V I 
f^= 192 kHz t 


Digital Supply Current 
Ip vs Temperature 


_V^+ = 5.00V.. 
_Vo+ = 5.00V 
f,;= 192 kHz' 


Analog Supply Current 
(Ia + Im) vs Output 
Data Rate (fs) 


_V^+ = 5.00V_ 
_Vd+ = 5.00V_ 
T. = 250 c 


•50 -25 0 25 50 75 100 

Ambient Temperature (°C) 


-50 -25 0 25 50 75 100 

Ambient Temperature (®C) 


Digital Supply Current 
(Ip) vs Output Data 
Rate (fs) 


_V^-l- = 5.00V_ 
_V(3+ = 5.00V_ 
T. = 25°C 


Frequency Response of 
Digital Filter 



0 20 40 60 80 1001201401601 
INPUT FREQUENCY (kHz) 
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FIGURE 2. Detailed Timing Diagrams for Frame Sync Input (FSI), Frame Sync Out (FSO), Serial Clock Out (SCO), and Serial Data Out (SDO) 


TL/H/1 1454-4 


















FIGURE 3. Timing Diagrams for Frame Sync Out (FSO), Serial Clock Out (SCO), and Serial Data Out (SDO) 

TL/H/1 1454-5 


^zfr9^^av/^zo9^oav 
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DOE — 
(MASTER/ 
SINGLE) 



FIGURE 5. Timing Diagrams for Data Output Enable (DOE) and Serial Data Out (SDO) 


Pin Description 

Vref'*'. Vref“ These are the ADC16471’s internal differ- 
ential reference’s bypass pins. Their nomi- 
nal output voltage is ± 1.25V centered 
around the voltage at the Vmid Pin, typically 
Va+/2. Vref+. Vmid. and Vref- should 
be bypassed with a parallel combination of 
10 jLtF and 0.1 fxF capacitors. For the 
ADC16071 , these are the reference voltage 
inputs. Vref+ and Vmid should be by- 
passed with a parallel combination of 10 /aF 
and 0.1 fiF capacitors. 

Vmid This pin is the internal differential refer- 

ence's Va''*/ 2 output pin. Vmid should be 
bypassed with a parallel combination of 
10 jiiF and 0.1 jaF capacitors. 

ViN"^. V|N” These are the ADC’s differential input pins. 

Signals applied to these pins can be single- 
ended or differential with respect to the 
Vmid voltage. 

P5 This is the input pin used to activate the 

power-down mode. When a logic LOW (0) 
is applied to this pin the supply current 
drops from 1 00 mA (max) to 1 .3 mA (max). 

AGND This is the connection to system analog 

ground. Internally, this ground is connected 
to the analog circuitry, including the fourth- 
order modulator. 

DGND This is the connection to system digital 

ground. Internally, this ground is connected 
to all digital circuitry except the modulator’s 
clock. 

MGND This is the ground pin for the modulator’s 

clock. It should be connected to analog 
ground through its own connection that is 
separate from that used by AGND. 

Va+ This pin is the connection to the system an- 

alog voltage supply. Best performance Is 
achieved when this pin is bypassed with a 
parallel combination of 10 juiF and 0.1 jaF 
capacitors. 


This is the modulator’s supply pin. Vm+ should 
be connected to the system analog voltage 
supply with a circuit board trace or connection 
that is separate from that used to supply Va+. 
Best performance is achieved when this pin is 
bypassed with a parallel combination of 10 )aF 
and 0.1 jixF capacitors. 

This pin is the connection to the system digital 
voltage supply. Best performance is achieved 
when this pin is bypassed with a parallel combi- 
nation of 10 /xF and 0.1 jaF capacitors. 

This is the Serial Format pin. The logic level 
applied to the SFMT pin determines whether 
conversion data shifted out of the SDO pin is 
valid on the rising or falling edge of SCO. It also 
controls the format of the Frame Sync Out 
(FSO) signal. See the Serial Interface section 
for details. 

Used to enabled test mode during production. 
Connect both pins to DGND. 

This is the Frame Sync Input pin. FSI is an 
input used to synchronize the ADC16071/ 
ADC16471 ’s conversions to an external source. 
The state of FSI is sampled on the falling edge 
of CLK. See the Serial Interface section for 
details. 

This is the clock signal Input pin. The signal ap- 
plied to this pin sets the sample rate of the 
ADC1 6071 /ADC1 6471 ’s modulator to fcLK/2. 
The frequency range can be 1 MHz ^ fcLK ^ 
25 MHz. 

This is the Serial Clock Output pin. The 
ADC1 6071 /ADC1 6471 ’s serial data transmis- 
sion is synchronous with the SCO signal. SCO 
has a frequency of fcLK/4. See the Serial In- 
terface section for details. 

This is the Serial Data Output pin. The 
ADC1 6071 /ADC1 6471 ’s conversion data is 
shifted out from this pin synchronous to the 
SCO signal. See the Serial Interface section 
for details. 
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Pin Description (Continued) 

FSO This is the Frame Sync Output pin. FSO is used 
to synchronize an external device to the 
ADC16071/ADC1647rs 32 SCO cycle data 
transmission frame. The format of the signal on 
FSO depends on the logic level applied to the 
SFMT pin. See the Serial Interface section for 
details. 

TSI This is the Time Slot Input pin. TSI can be used 
to allow two ADC1 6071 /ADC1 6471 ’s to share a 
single serial data line. The logic level applied to 
TSI controls the active state of the ADC16071/ 
ADC16471’s DOE pin. See the Serial Interface 
and the Two Channel Multiplexed Operation 
sections for details. 

DOE This is the Data Output Enable pin. DOE is used 
to control SDO’s TRI-STATE output buffer. The 
active state of DOE Is controlled by the logic lev- 
el applied to the TSI pin. See the Serial Inter- 
face and the Two Channel Multiplexed Opera- 
tion sections for details. 


Applications information 

TYPICAL PERFORMANCE RESULTS 

Figure 6 shows a 1 6k point FFT plot of the baseband output 
spectrum during conversion of a 24 kHz Input signal. 

CLOCK GENERATION 

The ADC1 6071 /ADC1 6471 requires a sampling-clock sig- 
nal that Is free of ringing (over/undershoot of no more than 
100 mVp.p) and has a rise and fall time in the range of 3 ns- 
10 ns. We have tested and recommended crystal clock os- 
cillators from Ecliptek (ECU 00 series) and SaRonIx 
(NCH060 and NCH080 series). Both of these families use 
HCMOS logic circuitry for very fast rise and fall times. 



Frequency (x 10^ Hz) 

FIGURE 6. Typical Performance of the ADC16071/ADC16471 at fs = 192 kHz, f|N = 24 kHz 


TL/H/11454-13 
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Applications Information (Continued) 

Overshoot and ringing can be reduced by adding a series 
damping resistor between the crystal oscillator!s output (pin 
8) and the ADC16071/ADC1647rs CLK (pin 12). as shown 
in Figure 7. The actual resistor value is dependent on the 
board layout and trace length that connects the oscillator or 
CLK source to the ADC. A typical starting value is 50n with 
a range of 27n to 1 50n. 



TL/H/1 1454-23 

FIGURE 7. Damping Resistor Reduces 
Clock Signal Overshoot 

SERIAL INTERFACE 

The ADC16071 and the ADC16471 have three serial inter- 
face output pins: Serial Data Output (SDO), Frame Sync 
Output (FSO), and Serial Clock Output (SCO). SCO has a 
frequency of fcLK/4. Each of the ADC1 6071 /ADC1 6471 ’s 
1 6-bit conversions is transmitted within the first half of the 
data transmission frame. A data transmission frame is 32 
SCO cycles in duration. Two’s complement data shifts out 
on the SDO pin beginning with bit 15 (MSB) and ending with 
bit 0 (LSB), taking 16 SCO cycles. SDO then shifts out 
zeroes for the next 1 6 SCO cycles to maintain compatibility 
with two channel multiplexed operation. 

The serial data that is shifted out of the SDO pin is synchro- 
nous with SCO. Depending on the logic level applied to the 
Serial Format pin (SFMT), the data on the SDO pin is valid 
on either the falling or rising edge of SCO. If a logic Low is 
applied to SFMT, then the data on SDO is valid on the fall- 
ing edge of SCO. If a logic High is applied to SFMT, then 
the data on SDO is valid on the rising edge of SCO. See 
Figure 2. 

The FSO signal is used to synchronize other devices to the 
ADC16071/ADC1647TS data transmission frame. Depend- 
ing on the logic level applied to SFMT, the signal on FSO is 
either a short pulse (approximately one SCO cycle in dura- 
tion) ending just before the transmission of bit 1 5 on SDO, 
or a square wave with a period of 32 SCO cycles going low 
just before the transmission of bit 15 and going high just 
after the transmission of bit 0. If a logic Low is applied to 
SFMT, FSO will be high for approximately one SCO cycle 
and fall low just before the transmission of bit 1 5 and stay 
low for the remainder of the transmission frame. If a logic 
High is applied to SFMT, FSO will be low during the trans- 
mission of bits 15-0 and high during the next 16 SCO cy- 
cles. See Figure 3. 

The Frame Sync Input (FSI), is used to synchronize the 
ADC1 6071 /ADC1 6471 ’s conversions to an external source. 
The logic state of FSI Is captured by the ADC16071/ 
ADC16471 on the falling edge of CLK. If an FSI low to high 
transition is sensed between adjacent CLK falling edges, 
the ADC1 6071 /ADC1 6471 will interrupt its current data 
transmission frame and begin a new one. See Figure 4. 


Due to the data latency of the ADC1 6071 /ADC1 6471 ’s digi- 
tal filters, the first 31 conversions following a frame sync 
input signal will represent inaccurate data, unless the frame 
syncs are applied at constant 32 SCO cycle intervals. If no 
FSI signal Is applied (FSI Is kept High or Low), the 
ADC1 6071 /ADC1 6471 will Internally create a frame sync 
every 32 SCO cycles. 

The Data Output Enable pin (DOE), is used to enable and 
disable the output of data on SDO. When DOE is deactivat- 
ed, SDO stops driving the serial data line by entering a high 
impedance TRI-STATE. DOE’S active state matches the 
logic level applied to the Time Slot input pin (TSI). If a logic 
Low is applied to TSI, the ADC1 6071 /ADC1 6471 ’s SDO pin 
will shift out data when DOE is Low, and be in a high imped- 
ance TRI-STATE when DOE is High. If a logic High is ap- 
plied to TSI, SDO will shift out data when DOE is High, and 
be in a high impedance TRI-STATE when DOE Is Low. 

TWO CHANNEL MULTIPLEXED OPERATION 

Two ADC1 6071 /ADC1 6471 ’s can easily be configured to 
share a single serial data line and operate in a “stereo”, or 
two channel multiplexed mode. They share the serial data 
bus by alternating transmission of conversion data on their 
respective SDO pins. One of the ADC1 6071 /ADC1 6471 ’s, 
the Master, shifts its conversion data out of SDO during the 
first 16 SCO cycles of the data transmission frame. The 
other ADC1 6071 /ADC1 6471, the Slave, shifts its data out 
during the second 1 6 SCO cycles of the data transmission 
frame. 

The Slave is selected by applying a logic High to its TSI pin 
and a logic High to its SFMT pin. The Master is chosen by 
applying a logic Low to its TSI pin and a logic High to its 
SFMT pin. As shown In Figure 8, the Master’s FSO Is used 
to control the DOE of both the Master and the Slave as well 
as to synchronize the two ADC1 6071 /ADC1 6471 ’s by driv- 
ing the Slave’s Frame Sync Input pin, FSI. As the Master 
finishes transmitting its 1 6 bits of conversion data, its FSO 
goes High. This triggers the Slave’s FSI, causing the Slave 
to begin transmitting its 16 bits of conversion data. 

The Master’s DOE is active Low and the Slave’s DOE is 
active High. Since the same signal, the Master’s FSO, is 
connected to both of the converters’ DOE pins, one con- 
verter will shift out data on its SDO pin while the other is in 
TRI-STATE, allowing the two ADC1 6071 /ADCI 6471 's to 
share the same serial data transmission line. 

POWER SUPPLY AND GROUNDING 

The ADCI 6071 /ADCI 6471 has on-chip 50 pF bypass ca- 
pacitors between the supply-pin bonding pads and their cor- 
responding grounds. There are 24 of these capacitors, 6 for 
the analog section and 18 for the digital, resulting in a total 
value of 1 200 pF. They help control ringing on the on-chip 
power supply busses, especially in the digital section. Fur- 
ther, they help enhance the baseband noise performance of 
the analog modulator. 
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Applications Information (Continued) 


Vn + 


1 MHz<fr,^:<25MHz 


TSI 


SFMT 


ADC16(0/4)71 


MASTER 


ADC16(0/4)71 


SCO 


FSO 


SDO 


DOE 


FIGURE 8. Two Channel Multiplexed Operation Connection Diagram 


. FROM PROCESSOR 


TL/H/1 1454-14 


Best converter performance is achieved when these inter- 
nal bypass capacitors are supplemented with additional ex- 
ternal power-supply decoupling capacitors. This ensures the 
lowest ac-bypass impedance path for the ADC16071/ 
ADC16471’s dynamic current requirements. Each of the 
ADC1 6071 /ADC1 6471 ’s four supply pins should be individ- 
ually bypassed, using a parallel combination of 10 jmF (tan- 
talum) and 0.1 jaF (monolithic ceramic), to its corresponding 
ground pin: 


Va+ (Pin 21) 
Vm+ (Pin 20) 
Vd+ (Pin 19) 
.Vd+ (Pin 18) 


AGND (Pin 4) 
MGND(Pin5) 
DGND(Pin6) 
DGND(Pin7) 


Short lead lengths are mandatory. Therefore, surface mount 
capacitors are strongly recommended. 


POWER SUPPLY VOLTAGES FOR BEST 
PERFORMANCE 

While adequate performance will be achieved by operating 
the ADC1 6071 /ADC1 6471 with +5V connected to Va+, 
Vm+ and Vd+, dynamic performance, as measured by 
S/(N + D), can be further enhanced by slightly raising the 
analog supply voltage and lowering the digital supply volt- 
age. 


ANALOG INPUT 


The ADC16071 and the ADC16471 generate a two’s com- 
plement output determined by the following equation: 


Output Code = 


(V|N+ -V|N-) (32768) 
(Vref+ - Vref-) 


Round off to the nearest integer value between -32768 
and 32767. 

The signals applied to V|n+ and V|n“ must be between 
Va+ and analog ground. For accurate conversions, the ab- 
solute difference between V|n+ and V||sj~ should be less 
than the difference between Vref and Vref"- Best har- 
monic performance will result when a differential voltage is 
applied to V|n + and Vin” that has a common mode voltage 
at or below Vmid- 

Due to overloading in the ADC1 6071 /ADC1 6471 ’s AS mod- 
ulator, performance degrades considerably as the input am- 
plitude approaches full scale. With an input that peaks at 
-2 dB from full scale, S/(N + D) is about 2 dB worse than 
with a -6 dB input. With a -1 dB Input, S/(N + D) can be 
10 dB worse than with a -6 dB input. 
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Applications Information (Continued) 

ANALOG SIGNAL CONDITIONING 

The ADC16071/ADC1647rs digital comb and FIR filter 
combine to create the band-limiting anti-aliasing filter, gen- 
erating a steep cutoff at the upper range of the sampled 
baseband. Additional external filtering is needed to ensure 
that the best conversion performance is maintained. The 
external filtering uses a simple R-C lowpass filter. A sug- 
gested circuit Is shown in Figure 9. The values of Ri, R 2 , C^, 
C 2 , and C 3 are found using the following equation: 

where R = Ri = R 2 and C = Ci = C 2 = C 3 . 

The effects of the external filter are minimized by choosing 
a minimum cutoff frequency equal to fcLK/32. As an exam- 
ple, for fcLK equal to 6.144 MHz, set R-| = R 2 = 82.5n and 
Ci = C 2 = C 3 = 3300 pF. This sets the input network’s 
cutoff frequency at 194 kHz. For fcLK equal to 24.576 MHz, 
set Ri = R 2 = 20 a and Ci = C 2 = C 3 = 3300 pF. This 
sets the input network’s cutoff frequency at 803 kHz. 

RELATION BETWEEN CAPACITOR DIELECTRIC AND 
SIGNAL DISTORTION 

For any capacitors connected to the ADC16071/ 
ADC16471’s analog Inputs, the dielectric plays an important 
role In determining the amount of distortion generated in the 
input signal. The capacitors used must have low dielectric 
absorption. This requirement is fulfilled using capacitors that 


have film dielectrics. Of these, polypropylene and polysty- 
rene are the best. These are followed by polycarbonate and 
mylar. If ceramic capacitors are chosen, use only capacitors 
with NPO dielectrics. 

INTERNAL DIFFERENTIAL BANDGAP REFERENCE 
A fully differential bandgap reference generates local feed- 
back voltages, Vref+ and Vref“. for the analog modula- 
tor. The outputs of this reference are trimmed to be equal to 
Vmid plus or minus 1.25V. This gives a differential reference 
voltage of 2.5V which results in a ±2.5V differential input 
range. The ADC16071 does not have the internal differen- 
tial bandgap reference, allowing the user the flexibility to 
determine the full scale range by using an external voltage 
reference. 

EXTERNAL VOLTAGE REFERENCE FOR THE 
ADC16071 

Figure 10 shows the suggested connection diagram for the 
ADC16071. The LM4041-ADJ is set to 2.0V and is applied 
to the ADC16071’s Vref+ input. 

The reference voltage must be free of noise. This is accom- 
plished using the same capacitor combination used with the 
ADC16471’s reference pins with the exception of Vref“. 
which is connected to analog ground. 

Figures 1 1 and 12 show the suggested circuits for ac-cou- 
pled applications. 



Suggested values: 

Ri = R2 = 20 n, 5%, metal film 
Ci = C2 = C3 = 3300 pF, 5%. 
polypropylene 


4.75V- 5.25V 


4.75V- 5.25V 


► To host processor 


“ TL/H/1 1454-15 

’Parallel combination of 10 /nF tan- 
talum and a 0.1 jj,F monolithic ce- 
ramic capacitors. 

FIGURE 9. Typical Connection Diagram for the ADC16471 
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Applications Information (Continued) 


^lOkfl lLM 404t-ADJ 


JUW □- 

1 MHi < fn K < 25 MHz 


''ref‘*‘ 

''in* 

''ref“ 

''in- 

''mid 

PO 

A6ND 


M6ND 

''m* 

D6ND 

'' 0 * 

D6N0 

''d* 

SFMT 

TSI 

TMQ 

DOE 

TM1 

FSO 

FSI 

SDO 

CLK 

SCO 


Suggested values; 

Ri = R2 = 20n, 5%, metal film 
Cl = C2 = C3 = 3300 pF, 5%, 
polypropylene 


To host processor 


•Parallel combination of 10 p,F tan- 
talum and a 0.1 p,F monolithic ce- 
ramic capacitors. 

FIGURE 10. Typical Connection Diagram for the ADC16071 


JUUIT □- 

1 MHz < Vi If <25 MHz 


R3LR4L 
2x4.7kft| I 

. 1% 1 T 


''ref* 

V|N* 

''ref" 

V|N- 

''mid 

PD 

AGND 

Va* 

MGND 

Vm* 

DGND 

Vd* 

DGND 

Vd* 

SFMT 

TSI 

TMO 

DOE 

TM1 

FSO 

FSI 

SDO 

CLK 

SCO 


Suggested values: 

Ri = R 2 = 20n, 5%, metal film 
Ci = C2 = C3 = 3300 pF, 5%. 
polypropylene 


To host processor 


•Parallel combination of 10 juF tan- ^ 
talum and a 0.1 jitF monolithic ce- 
ramic capacitors. 

FIGURE 1 1. Typical Connection Diagram for the ADC 16471 with AC-Coupled Inputs 


4.5V -5.5V 

l604n 


gtOkn |lM 4041-ADJ 


jinnr □- 

1 MHz < Vlk < 25 MHz 


R3LR4L 

2x4.7knj ? 


''ref* 

''in* 

''ref" 

''in- 

''mid 

PD 

AGND 

Va* 

MGND 

''m* 

DGND 

Vd* 

DGND 

'' 0 * 

SFMT 

TSI 

TMO 

DOE 

TM1 

FSO 

FSI 

SDO 

CLK 

SCO 


2x2.2/iF FILM 
V-tD 4.75V -5.25V 


Suggested values: 

Ri = R 2 = 20n, 5%, metal film 
Cl = C2 = C3 = 3300 pF, 5%. 
polypropylene 


To host processor 


•Parallel combination of 10 iiF tan- 
talum and a 0.1 pF monolithic ce- 
ramic capacitors. 

FIGURE 12. Typical Connection Diagram for the ADC16071 with AC-Coupled Inputs 


2-688 




Applications Information (Continued) 

DSP INTERFACES 

The ADC1 6071 /ADC1 6471 was designed to connect to popular DSPs without intervening “glue logic”. Figures 13, 14, and 15 
show suggested connection schematics for the DSP56001, TMS320C3x, and the ADSP-2101 families. 


DSP56001 
PCS (FSR) 

PC7 (SRD) 

PCS (SCK) 


TL/H/11454-19 

FIGURE 13. Interface Connections between the ADC 16071 /ADC 16471 and the Motorola DSP56001 


ADC16071/ADC16471 

FSO 

SDO 

SCO 

SFMT 

DOE 


ADC1 607 1/ADC1 6471 


TMS320C3X 

FSO 


FSR 

SDO 


DR 

SCO 


CLKR 

SFMT 




DOE 





“ TL/H/1 1454-20 

FIGURE 14. Interface Connections between the ADC16071/ADC16471 and the Texas Instruments TMS320C3x 



JL/H/11 454-21 

FIGURE 15. Interface Connections between the ADC16071/ADC16471 and the Analog Devices ADSP-2101 
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LM131A/LM131/LM231A/LM231/LM331A/LM331 


National Semiconductor 

LM131A/LM131, LM231A/LM231, LM331A/LM331 
Precision Voitage-to-Frequency Converters 


General Description 

The LM131/LM231/LM331 family of voltage-to-frequency 
converters are ideally suited for use in simple low-cost cir- 
cuits for analog-to-digital conversion, precision frequency- 
to-voltage conversion, long-term integration, linear frequen- 
cy modulation or demodulation, and many other functions. 
The output when used as a voltage-to-frequency converter 
is a pulse train at a frequency precisely proportional to the 
applied input voltage. Thus, it provides all the inherent ad- 
vantages of the voltage-to-frequency conversion tech- 
niques, and is easy to apply in all standard voltage-to-fre- 
quency converter applications. Further, the LM131A/ 
LM231 A/LM331 A attains a new high level of accuracy ver- 
sus temperature which could only be attained with expen- 
sive voltage-to-frequency modules. Additionally the LM131 
is ideally suited for use in digital systems at low power sup- 
ply voltages and can provide low-cost analog-to-digital con- 
version in microprocessor-controlled systems. And, the fre- 
quency from a battery powered voltage-to-frequency con- 
verter can be easily channeled through a simple photoisola- 
tor to provide isolation against high common mode levels. 
The LM131/LM231/LM331 utilizes a new temperature- 
compensated band-gap reference circuit, to provide excel- 
lent accuracy over the full operating temperature range, at 
power supplies as low as 4.0V. The precision timer circuit 

Typical Applications 


has low bias currents without degrading the quick response 
necessary for 100 kHz voltage-to-frequency conversion. 
And the output is capable of driving 3 TTL loads, or a high 
voltage output up to 40V, yet is short-circuit-proof against 
Vcc- 

Features 

■ Guaranteed linearity 0,01 % max 

■ Improved performance in existing voltage-to-frequency 
conversion applications 

■ Split or single supply operation 

■ Operates on single 5V supply 

B Pulse output compatible with all logic forms 
B Excellent temperature stability, ± 50 ppm/°C max 
B Low power dissipation, 1 5 mW typical at 5V 
B Wide dynamic range, 100 dB min at 10 kHz full scale 
frequency 

B Wide range of full scale frequency, 1 Hz to 100 kHz 
B Low cost 


V|N_ 

lOV FULL-SCALE 


T -J— Cifi** 

OAuf 


<"L 

"I^F >i00k 
' MYLAR < tlX* 


-Vs 

(OPTIONAL) 
OFFSET AOJUST 


I.M131 lOk ±10*/. 

LM231 I-^NAAr- 

LM331 vv>— 


^OUT 
- 10 kHz 
FULL-SCALE 


2.09 V Rl RA 


* Use stable components with, low temperature coefficients. See Typical Applications section, 

**0.1ju,F or IjLtF, See “Principles of Operation.” 

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
with ±0.03% Typical Linearity (f = 10 Hz to 11 kHz) 
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Absolute Maximum Ratings (Note d 






If Military/Aerospace specified devices are required, please contact 

the 

National 

Semiconductor Sales 

Office/ 

Distributors for availability and specifications. 







LM131A/LM131 

LM231A/LM231 

LM331A/LM331 

Supply Voltage 

40V 

40V 


40V 


Output Short Circuit to Ground 

Continuous 

Continuous 


Continuous 

Output Short Circuit to Vcc 

Continuous 

Continuous 


Continuous 

Input Voltage 

-0.2V to +Vs 

-0.2 V to +Vs 

-0.2V to +Vs 


TmIN TmAX 

Tmin Tmax 

Tmin 

Tmax 

Operating Ambient Temperature Range 

-55“CtO +125“C 

-25“Cto +85“C 

0°Cto ±70°C 

Power Dissipation (Pq at 25“C) 
and Thermal Resistance (Oj^) 







(H Package) Pp 

670 mW 






^jA 

ISO^’C/W 






(N Package) Pp 


1.25W 


1.25W 


^jA 


100°C/W 


100°C/W 

(M Package) Pp 


1.25W 




^JA 


85°C/W 




Lead Temperature (Soldering, 10 sec.) 







Dual-ln-Line Package (Plastic) 

260'’C 

260°C 


260“C 


Metal Can Package (TO-5) 

ESD Susceptibility (Note 4) 

260°C 






Metal Can Package (TO-5) 

2000V 






Other Packages 


500V 


500V 


ElGCtriCHl ChSrdCtGriStiCS Ta= 25°C unless otherwise specified (Note 2) 




Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VFC Non-Linearity (Note 3) 

4.5V ^ Vs ^ 20V 



±0.003 

±0.01 

% Full- 
Scale 


TmIN ^ Ta ^ TmaX 



±0.006 

±0.02 

% Full- 
Scale 

VFC Non-Linearity 

Vs= 15V. f= lOHztoll kHz 



±0.024 

±0.14 

%Full- 

In Circuit of Figure 1 






Scale 

Conversion Accuracy Scale Factor (Gain) 

V|N = -10V, Rs = 14 kn 






LM131. LM131A, LM231, LM231A 



0.95 

1.00 

1.05 

kHz/V 

LM331,LM331A 



0.90 

1.00 

1.10 

kHz/V 

Temperature Stability of Gain 

TmIN ^ Ta ^ Tmax. 4.5V ^ Vs ^ 20V 





LM131/LM231/LM331 




±30 

±150 

ppm/^C 

LM131A/LM231A/LM331A 




±20 

±50 

ppm/“C 

Change of Gain with Vs 

4.5V ^ Vs ^ 10V 



0.01 

0.1 

%/V 


10V ^ Vs ^ 40V 



0.006 

0.06 

%/V 

Rated Full-Scale Frequency 

V|N = -10V 

10.0 



kHz 

Gain Stability vs Time 

TmIN ^ Ta ^ TmaX 



±0.02 


% Full- 

(1000 Mrs) 






Scale 

Overrange (Beyond Full-Scale) Frequency 

V|N= -11V 

10 



% 

INPUT COMPARATOR 

Offset Voltage 




±3 

±10 

mV 

LM131/LM231/LM331 

TmIN ^ Ta ^ Tmax 



±4 

±14 

mV 

LM131A/LM231A/LM331A 

Tmin ^ Ta ^ Tmax 



±3 

±10 

mV 

Bias Current 



-80 

-300 

nA 

Offset Current 



±8 

±100 

nA 

Common-Mode Range 

Tmin ^ Ta ^ Tmax 

-0.2 


Vcc -2.0 

V 
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Electrical Characteristics Ta=25°C unless otherwise specified (Note 2) (Continued) 


Parameter 

Conditions | 

Min 

Typ 

1 Max 

Units 

TIMER 


Timer Threshold Voltage, Pin 5 


0.63 

0.667 

0.70 

X Vs 

Input Bias Current, Pin 5 

Vs = 15V 





All Devices 

0V^VpiN5^9-9V 


±10 

±100 

nA 

LM131/LM231/LM331 

VpiNS = 10V 


200 

1000 

nA 

LM131A/LM231A/LM331A 

Vp|N5 = 10V 


200 

500 

nA 

VsAT PIN 5 (Reset) 

I = 5mA 


! 0.22 

0.5 

V 

CURRENT SOURCE (Pin 1) 


Output Current 

Rs = 1 4 kn, VpiN 1=0 


■■ 

■HI 


LM131, LM131A, LM231, LM231A 


126 


BBI 

jliA 

LM331,LM331A 


116 



fiA 

Change with Voltage 

OV^VpiNi^lOV 


0.2 

1.0 

fiA 

Current Source OFF Leakage 






LM131,LM131A 



0.01 

1.0 

nA 

LM231, LM231A, LM331, LM331A 



0.02 

,10.0 

nA 

All Devices 

Ta = TmAX 

m 

2.0 

50.0 

nA 

Operating Range of Current (Typical) 



(10 to 500) 


jxA 

REFERENCE VOLTAGE (Pin 2) 


LM131, LM131A, LM231, LM231A 


BR9 

1.89 


Vdc 

LM331,LM331A 



1.89 


Vdc 

Stability vs Temperature 



±60 


ppm/^C 

Stability vs Time, 1000 Hours 



±0.1 


% 

LOGIC OUTPUT (Pin 3) 


VsAT 

1 = 5 mA 


0.15 

0.50 

V 


1 = 3.2 mA (2 TTL Loads), Tmin^Ta^Tmax 


0.10 

0.40 

V 

OFF Leakage 


H|[ 

±0.05 

1.0 

jiA 

SUPPLY CURRENT 


LM131,LM131A, LM231, 

Vs = 5V 

2.0 

3.0 

4.0 

mA 

LM231A 

Vs = 40 V 

2.5 

4.0 

6.0 

mA 

LM331,LM331A 

Vs = 5V 

1.5 

3.0 

6.0 

mA 


Vs = 40 V 

2.0 

4.0 

8.0 

mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All specifications apply in the circuit of Figure 3, with 4.0V ^ Vs ^ 40V, unless othenvise noted. 

Note 3: Nonlinearity is defined as the deviation of four from V|n x (10 kHz/ -10 Voc) when the circuit has been trimmed for zero error at 10 Hz and at 10 kHz, 
over the frequency range 1 Hz to 11 kHz. For the timing capacitor, Cj, use NPO ceramic. Teflon®, or polystyrene. 

Note 4: Human body model, 100 pF discharged through a 1.5 kH resistor. 
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Typical Performance Characteristics 

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 

Nonlinearity Error, LM131 
Family, as Precision V-to-F 
Converter (Figure 3) 



FREQUENCY. kHz 


Frequency vs Temperature, 
LM131A 



100 kHz Nonlinearity Error, 
LM131 Family (F/^£/re 4) 



FREQUENCY. kHz 


Power Drain vs Vsupply 



S 10 IS 20 26 30 3S 40 
VSUFPLY.V 


Nonlinearity Error, LM131 
Family 



0.0001 0.001 0.01 0.1 1 10 100 
FREQUENCY. kHz 


Vref vs Temperature, 
LM131A 



Nonlinearity Error, LM131 
(Figure 1) 



Output Saturation Voltage vs 
•out (*’*” 3) 



Nonlinearity vs Power Supply 
Voltage 



5 10 15 20 25 30 35 40 

POWER SUPPLY VOLTAGE. Vs 


Output Frequency vs 
Vsupply 



Vsupply. V 

input Current (Pins 6, 7) vs 



-75 -25 +25 +75 +125 +150 


TEMPERATURE, ‘C 

Nonlinearity Error, Precision 
F-to-V Converter (Figure 6) 



0 2 4 6 8 10 12 

FREQUENCY, kHz 

TL/H/5680-3 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy and 
versatile operation when applied as a voltage-to-frequency 
(V-to-F) converter or as a frequency-to-voltage (F-to-V) con- 
verter. A simplified block diagram of the LM131 is shown in 
Figure 2 and consists of a switched current source, input 
comparator, and 1 -shot timer. 

The operation of these blocks is best understood by going 
through the operating cycle of the basic V-to-F converter. 
Figure 2, which consists of the simplified block diagram of 
the LM131 and the various resistors and capacitors con- 
nected to it. 

The voltage comparator compares a positive input voltage, 
V1, at pin 7 to the voltage, Vx, at pin 6. If V1 is greater, the 
comparator will trigger the 1-shot timer. The output of the 
timer will turn ON both the frequency output transistor and 
the switched current source for a period t= 1.1 RtCt- During 
this period, the current i will flow out of the switched current 
source and provide a fixed amount of charge, Q=i x t, into 
the capacitor. Cl- This will normally charge Vx up to a higher 
level than VI. At the end of the timing period, the current i 
will turn OFF, and the timer will reset itself. 

Now there is no current flowing from pin 1 , and the capaci- 
tor Cl will be gradually discharged by Rl until Vx falls to the 
level of VI. Then the comparator will trigger the timer and 
start another cycle. 

The current flowing into Cl is exactly Iave = i x (1 .1 x RtCt) 
X f, and the current flowing out of Cl Is exactly Vx/Rl = 
V|n/Rl- If V|N is doubled, the frequency will double to main- 
tain this balance. Even a simple V-to-F converter can pro- 
vide a frequency precisely proportional to its input voltage 
over a wide range of frequencies. 



Voltage-to-Frequency Converter Showing LM131 and 
External Components 


DETAIL OF OPERATION, FUNCTIONAL BLOCK 
DIAGRAM (F/G6//7£7a) 

The block diagram shows a band gap reference which pro- 
vides a stable 1 .9 Vpc output. This 1 .9 Vqc is well regulated 
over a Vs range of 3.9V to 40V. It also has a flat, low tem- 
perature coefficient, and typically changes less than Vjj®/© 
over a 100°C temperature change. 

The current pump circuit forces the voltage at pin 2 to be at 
1.9V, and causes a current i=1.90V/Rs to flow. For 
Rs=14k, 1=135 ]xk. The precision current reflector pro- 
vides a current equal to i to the current switch. The current 
switch switches the current to pin 1 or to ground depending 
on the state of the Rs flip-flop. 

The timing function consists of an Rs flip-flop, and a timer 
comparator connected to the external RA network. When 
the input comparator detects a voltage at pin 7 higher than 
pin 6, it sets the Rs flip-flop which turns ON the current 
switch and the output driver transistor. When the voltage at 
pin 5 rises to % Vcc. the timer comparator causes the Rs 
flip-flop to reset. The reset transistor is then turned ON and 
the current switch is turned OFF. 

However, if the Input comparator still detects pin 7 higher 
than pin 6 when pin 5 crosses % Vcc. the flip-flop will not 
be reset, and the current at pin 1 will continue to flow, in its 
attempt to make the voltage at pin 6 higher than pin 7. This 
condition will usually apply under start-up conditions or In 
the case of an overload voltage at signal input. It should be 
noted that during this sort of overload, the output frequency 
will be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with an 
ON resistance of about 50ft. In case of overvoltage, the 
output current Is actively limited to less than 50 mA. 

The voltage at pin 2 Is regulated at 1 .90 Vqc ^or all values of 
i between 10 jitA to 500 jmA. It can be used as a voltage 
reference for other components, but care must be taken to 
ensure that current is not taken from it which could reduce 
the accuracy of the converter. 

PRINCIPLES OF OPERATION OF BASIC VOLTAGE- 
TO-FREQUENCY CONVERTER {FIGURE 1) 

The simple stand-alone V-to-F converter shown in Figure 1 
includes ail the basic circuitry of Figure 2 plus a few compo- 
nents for improved performance. 

A resistor, R)n= 100 kft ± 10®/o, has been added in the path 
to pin 7, so that the bias current at pin 7 (—80 nA typical) 
will cancel the effect of the bias current at pin 6 and help 
provide minimum frequency offset. 

The resistance Rs at pin 2 is made up of a 12 kft fixed 
resistor plus a 5 kft (cermet, preferably) gain adjust rheo- 
stat. The function of this adjustment is to trim out the gain 
tolerance of the LM131, and the tolerance of Rt, Rl and Ct. 
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Typical Applications (Continued) 

For best results, all the components should be stable low- 
temperature-coefficient components, such as metal-film re- 
sistors. The capacitor should have low dielectric absorption; 
depending on the temperature characteristics desired, NPO 
ceramic, polystyrene. Teflon or polypropylene are best 
suited. 

A capacitor Cirg is added from pin 7 to ground to act as a 
filter for V|n. A value of 0.01 /xF to 0.1 fiF will be adequate In 
most cases; however. In cases where better filtering is re- 
quired, a 1 jxF capacitor can be used. When the RC time 
constants are matched at pin 6 and pin 7, a voltage step at 
V|M will cause a step change in fouT- If ^IN is much less 
than Cl, a step at V)n may cause fouT fo stop momentarily. 
A A7il resistor, in series with the 1 fxF Cl, is added to give 
hysteresis effect which helps the input comparator provide 
the excellent linearity (0.03% typical). 

DETAIL OF OPERATION OF PRECISION V-TO-F 
CONVERTER {FIGURES) 

In this circuit, integration is performed by using a conven- 
tional operational amplifier and feedback capacitor, Cp. 
When the integrator’s output crosses the nominal threshold 
level at pin 6 of the LM131, the timing cycle is initiated. 


The average current fed into the op amp’s summing point 
(pin 2) is i X (1.1 RtCt) X f which is perfectly balanced with 
-V|n/R|n. In this circuit, the voltage offset of the LM131 
input comparator does not affect the offset or accuracy of 
the V-to-F converter as it does In the stand-alone V-to-F 
converter; nor does the LM131 bias current or offset cur- 
rent. Instead, the offset voltage and offset current of the 
operational amplifier are the only limits on how small the 
signal can be accurately converted. Since op amps with 
voltage offset well below 1 mV and offset currents well be- 
low 2 nA are available at low cost, this circuit is recommend- 
ed for best accuracy for small signals. This circuit also re- 
sponds immediately to any change of input signal (which a 
stand-alone circuit does not) so that the output frequency 
will be an accurate representation of V|n, as quickly as 2 
output pulses’ spacing can be measured. 

In the precision mode, excellent linearity is obtained be- 
cause the current source (pin 1) is always at ground poten- 
tial and that voltage does not vary with V|n or fouT- On fh© 
stand-alone V-to-F converter, a major cause of non-linearity 
is the output impedance at pin 1 which causes i to change 
as a function of V|n). 

The circuit of Figure 4 operates in the same way as Figure 3, 
but with the necessary changes for high speed operation. 


Vs 



TL/H/5680-5 


**This resistor can be 5 kft or 10 kft for Vs=8V to 22V, but must be 10 kft for Vs = 4.5V to 8V, 

•••Use low offset voltage and low offset current op amps for A1: recommended types LM108, LM308A, LF41 1A 

FIGURE 3. Standard Test Circuit and Appiications Circuit, Precision Voitage-to-Frequency Converter 
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Typical Applications (Continued) 


DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 

In these applications, a pulse input at f|N is differentiated by 
a C-R network and the negative-going edge at pin 6 causes 
the input comparator to trigger the timer circuit. Just as with 
a V-to-F converter, the average current flowing out of pin 1 
is Iaverage = i X (1.1 RtCt) X f. 

In the simple circuit of FIGURE 5, this current is filtered in 
the network Rl = 100 kn and 1 /xF. The ripple will be less 
than 10 mV peak, but the response will be slow, with a 


0.1 second time constant, and settling of 0.7 second to 
0.1% accuracy. 

In the precision circuit, an operational amplifier provides a 
buffered output and also acts as a 2-pole filter. The ripple 
will be less than 5 mV peak for all frequencies above 1 kHz, 
and the response time will be much quicker than in Figure 5. 
However, for input frequencies below 200 Hz, this circuit will 
have worse ripple than Figure 5. The engineering of the filter 
time-constants to get adequate response and small enough 
ripple simply requires a study of the compromises to be 
made. Inherently, V-to-F converter response can be fast, 
but F-to-V response can not. 



TL/H/5680-6 

FIGURE 4. Precision Voltage-to-Frequency Converter, 
100 kHz Full-Scale, ±0.03% Non-Linearity 


+Vs=+15V 



VOUT = f|N X 2.09V X ^ X (RtCt) 
ns 

*Use stable components with low temperature coefficients. 

FIGURE 5. Simple Frequency-to-Voltage Converter, 
10 kHz Full-Scale, ±0.06% Non-Linearity 


♦Vs«+4.5VTO+20V 



SELECT Rx = 


(Vs - 2V) 
0.2 mA 


’Use stable components with low temperature coefficients. 


FIGURE 6. Precision Frequency-to-Voltage Converter, 
10 kHz Full-Scale with 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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Typical Applications (Continued) 


Light Intensity to Frequency Converter 

♦5V TO ♦15V 


1 

1 

6 

3 

>3.3k 

7 LM33I 


► 

CH 

5 1 

^ 6.81k Rt 

0.001 /iP^r: 5 Sk h 

H 

1 

; 330pFCt 






*L14F-1 , L14G-1 or L14H-1, photo transistor (General Electric Co.) or similar 


Temperature to Frequency Converter 



Long-Term Digital Integrator Using VFC 


Basic Analog-to-Digital Converter Using 
Voltage-to-Frequency Converter 


VFC CIRCUIT I F 
USING I— • 

LM331 I 


DATA 
OUTPUTS 
TO DISPLAY 
OR COMPUTER 
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Typical Applications (Continued) 


Analog-to-Digital Converter with Microprocessor 


♦vs 



TL/H/5680-13 

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 



TL/H/5680-14 

Voltage-to-Frequency Converter with Square-Wave Output Using 2 Flip-Flop 


+VS = +4.0VDC TO +15V0C 



Voltage-to-Frequency Converter with Isolators 


TL/H/5680-15 
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Typical Applications (Continued) 


Voltage-to-Frequency Converter with Isolators 



Voltage-to-Frequency Converter with Isolators 


+vs 



TL/H/5680-17 


TL/H/5680-18 


Voitage-to-Frequency Converter with Isolators 



TL/H/5680-19 




Connection Diagrams 


Metal Can Package 



TOP VIEW 

TL/H/5680-20 

Note: Metal case is connected to pin 4 (GND.) 

Order Number LM131H/883 or LM131AH/883 
See NS Package Number H08C 


Dual-ln-Line Package 



Vs 


COMPARATOR 

INPUT 

THRESHOLD 

R/C 


TL/H/5680-21 


Order Number LM231AN, LM231N, LM331AN, 
or LM331N 

See NS Package Number NOSE 


Small-Outline Package 

— NC 
— NC 
— NC 
-Vs 

__ Comparator 
Input 
— NC 

—Threshold 


TL/H/5680-24 

Top View 

Order Number LM231 WM 
See NS Package Number M14B 


Currant 
Output “■ 
Reference _ 
Current 

1 

2 

14 

13 

NC- 

3 

12 

Frequency 
Output "■ 

4 

11 

GND- 

5 

10 

NC- 

6 

9 

R/C- 

7 

8 
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TL/H/5680-22 



Schematic Diagram 






Section 3 

Digital-to-Analog 

Converters 
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Na t ion a I 


Semiconductor 


Definition of Terms 

D/A Converters 


Differentiai Nonlinearity: Ideally, any two adjacent digital 
codes correspond to output analog voltages that are exactly 
one LSB apart. Differential non-linearity is a measure of the 
worst case deviation from the ideal 1 LSB step. For exam- 
ple, a DAC with a 1 .5 LSB output change for a 1 LSB digital 
code change exhibits ^2 LSB differential non-linearity. Dif- 
ferential non-linearity may be expressed in fractional bits or 
as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC. 

Gain Error (Full Scale Error): The difference between the 
output voltage (or current) with full scale input code and the 
ideal voltage (or current) that should exist with a full scale 
Input code. 

Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/“C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or In 
fractions of an LSB. 

LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2^, where n is 
the resolution of the converter. 

Monotonicity: A monotonic function has a slope whose 
sign does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 


MSB (Most Significant Bit): In a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 

Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
Input code divided by 2^ (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity, four quadrant multiplica- 
tion exists. 

Offset Error (Zero Error): The output voltage that exists 
when the input digital code is set to give an ideal output of 
zero volts. All the digital codes In the transfer curve are 
offset by the same value. Offset error is usually expressed 
in LSBs. 

Power Supply Rejection (Power Supply Sensitivity): The 

sensitivity of a converter to changes in the dc power supply 
voltages. 

Resolution: The srnallest analog increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2^. 

Settling Time: The time from a change in input code until a 
DAC’s output signal remains within ± % LSB (or some other 
specified tolerance) of the final value. 
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D/A Converter Selection Guide 


National Semiconductor 

D/A Converter Selection Guide 

Part 

No. 

Resolution 

(Bits) 

Linearity 
@25°C 
% (Max) 

Settling 

Time 

( + y2LSB) 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

I 

C 

ADC0852 

8 

0.19 


5 


• 

• 

8-Pin DIP 


ADC0854 

8 

0.19 


5 


• 

• 

14-Pin DIP 

DAC, Comparator, 
Serial Input 

DAC0800 

8 

0.19 

100 ns 

±5to ±15 




16-Pin DIP 

1 6-Pin S.O. 


DAC0801 

8 

0.39 

100 ns 

±5to ±15 



• 

16-Pln DIP 
16-Pin S.O. 


DAC0802 

8 

0.10 

100 ns 

±5to ±15 



• 

16-Pln DIP 
16-Pln S.O. 

High-Speed 

Multiplying 

DAC0806 

8 

0.78 

1 50 ns 

±5to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0807 

8 

0.39 

150 ns 

±5to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0808 

8 

0.19 

150 ns 

±5to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0830 

8 

0.05 

1 JUS 

5 to 15 


• 

• 

20-Pin DIP 
20-Pln S.O. 
20-Pin PCC 

julP Compatible 

4-Quadrant 

Multiplying 

DAC0831 

8 

0.10 

1 juls 

5 to 15 



• 

20-Pin DIP 

julP Compatible 

4-Quadrant 

Multiplying 

DAC0832 

8 

0.20 

1 JULS 

5 to 15 


• 

• 

20-Pln DIP 
20-Pin S.O. 
20-Pin PCC 

jllP Compatible 

4-Quadrant 

Multiplying 

DAC0854 

8 

0.19 

2.7 juis 

5 

• 

• 


20-Pin DIP 
20-Pin S.O. 

Quad Serial 

DAC with 

Readback 

DAC0890 

8 

0.19 

2.7 JULS 

5 to 15 


• 


20-Pin DIP 

Dual Voltage 

Output DAC 

• DAC1001 

10 

0.1 

500 ns 

5 to 15 



• 

24-Pin DIP 

jLiP Compatible 
Double Buffered 

DAC1002 

10 

0.2 

500 ns 

5to15 



• 

24-Pin DIP 

jllP Compatible 
Double Buffered 

DAC1006 

10 

0.05 

500 ns 

5 to 15 



• 

20-Pln DIP 

jllP Compatible 
Double Buffered 

DAC1007 

10 

0.1 

500 ns 

5 to 15 



• 

20-Pin DIP 

julP Compatible 
Double Buffered 

DAC1008 

10 

0.2 

500 ns 

5 to 15 


• 

• 

20-Pin DIP 

fxP Compatible 
Double Buffered 
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Part 

No. 

Resolution 

(Bits) 

Linearity 
@ 25“C 
% (Max) 

Settling 

Time 

( + y2LSB) 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

c 

DAC1020 

10 

0.05 

500 ns 

5 to 15 


• 

• 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1021 

10 

0.1 

500 ns 

5 to 15 


• 

• 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1022 

10 

0.2 

500 ns 

5 to 15 



B 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1054 

10 



If) 




24-Pin DIP 
24-Pin SO 

Quad Serial DAC 
with Readback 

DAC1208 

12 

0.018 

1 JLlS 

5 to 15 



• 

24-Pin DIP 

juP Compatible 

4-Quadrant 

Multiplying 

DAC1209 

12 

0.024 

1 fXS 

5 to 15 



• 

24-Pin DIP 

/aP Compatible 

4-Quadrant 

Multiplying 

DAC1210 

12 

0.05 

1 fXS 

5 to 15 



• 

24-Pin DIP 

/aP Compatible 

4-Quadrant 

Multiplying 

DAC1218 

12 

0.012 

1 JUS 

5 to 15 



• 

18-Pin DIP 

4-Quadrant 

Multiplying 


12 

0.024 

1 jms 

5 to 15 



• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1220 

12 

0.05 

500 ns 

5 to 15 


o 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1222 

12 

0.2 

500 ns 

5 to 15 


e 

o 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1230 

12 

0.018 

1 jas 

5 to 15 


• 

• 

20-Pin DIP 

/aP Compatible 

4-Quadrant 

Multiplying 

DAC1231 

12 

0.024 

1 /AS 

5 to 15 


• 

o 

20-Pin DIP 

/aP Compatible 

4-Quadrant 

Multiplying 

DAC1232 

12 

0.05 

1 /AS 

5 to 15 


• 

o 

20-Pin DIP 

/aP Compatible 

4-Quadrant 

Multiplying 


’Ambient temperature range for “M” is -55°C to +125'’C, “I” is -25'’C to +85“C or -40"C to +85°C, “C” 0“C to +70“C, 
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DAG0800/DAC0801 /DAC0802 


National Semiconductor 

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog 
Converters 


General Description 

The DAC0800 series are monolithic 8-bit high-speed cur- 
rent-output digital-to-analog converters (DAC) featuring typi- 
cal settling times of 100 ns. When used as a multiplying 
DAC, monotonic performance over a 40 to 1 reference cur- 
rent range is possible. The DAC0800 series also features 
high compliance complementary current outputs to allow 
differential output voltages of 20 Vp-p with simple resistor 
loads as shown in Figure 1. The reference-to-full-scale cur- 
rent matching of better than ± 1 LSB eliminates the need for 
full-scale trims In most applications while the nonlinearities 
of better than ±0.1% over temperature minimizes system 
error accumulations. 

The noise immune inputs of the DAC0800 series will accept 
TTL levels with the logic threshold pin, Vlc. grounded. 
Changing the Vlc potential will allow direct interface to oth- 
er logic families. The performance and characteristics of the 
device are essentially unchanged over the full ± 4.5V to 
± 18V power supply range; power dissipation is only 33 mW 
with ±5V supplies and is independent of the logic input 
states. 


The DAC0800, DAC0802, DAC0800C, DAC0801C and 
DAC0802C are a direct replacement for the DAC-08, DAC- 
08 A, DAC-08C, DAC-08E and DAC-08H, respectively. 

Features 

■ Fast settling output current 100 ns 

■ Full scale error ± 1 LSB 

■ Nonlinearity over temperature ±0.1% 

■ Full scale current drift ± 1 0 ppm/“C 

■ High output compliance -10V to +18V 

■ Complementary current outputs 

■ Interface directly with TTL, CMOS, PMOS and others 

■ 2 quadrant wide range multiplying capability 

■ Wide power supply range ±4.5V to ±18V 

■ Low power consumption 33 mW at ± 5V 

B Low cost 


Typical Applications 


MSB LSB 

81 82 83 84 85 86 87 BB 


5 6 7 8 9 10 11 12 4\ 


3 16 13 1 2/ 

T — r fcx 


FIGURE 1. ±20 Vp.p Output Digital-to-Analog Converter (Note 4) 

Ordering Information 





Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V-) ± 18V or 36V 

Power Dissipation (Note 2) 500 mW 

Reference Input Differential Voltage 
(V14toV15) V-toV+ 


Lead Temp. (Soldering, 10 seconds) 


Dual-ln-Line Package (plastic) 

260“C 

Dual-ln-Llne Package (ceramic) 

SOO^C 

Surface Mount Package 


Vapor Phase (60 seconds) 

215‘*C 

Infrared (15 seconds) 

220“C 


Operating Conditions (Notei) 


(VI 4, VI 5) 

V-toV+ 


Min 

Max 

Units 

Reference Input Current 

5 mA 

Temperature (Ta) 




Logic inputs 

V“ to V~ plus 36V 

DAC0800L 

-55 

+ 125 

“C 

Analog Current Outputs (Vs“ = 

-15V) 4.25 mA 

DAC0800LC 

0 

+ 70 

"C 

ESD Susceptibility (Note 3) 

TBDV 

DAC0801LC 

0 

+ 70 

“C 

Storage Temperature 

-65"Cto -f 150'’C 

DAC0802LC 

0 

+ 70 

“C 


Electrical Characteristics The following specifications apply f or Vs = ± 1 5V, Iref -2 mA and Tmin ^ ^ 

Tmax unless othen/vise specified. Output characteristics refer to both louT ^nd Iqut- 


DAC0802LC 

■ — r~ rrr- 


DAC0800L/ 

DAC0800LC 


Max Min T 




DAC0801LC 
* I Max 



















































DAC0800/DAC0801/DAC0802 


Electrical Characteristics (Continued) 

The following specifications apply for Vs = ±15V, Iref = 2 mA and Tmin ^ Ta ^ Tmax unless otherwise specified. Output 
characteristics refer to both Iqlit loUT 



DAC0800L/ 

DAC0800LC 


DAC0801LC 



Power Dissipation ± 5V, Iref = 1 mA 

5V.-15V. Iref = 2 mA 
±15V, Iref = 2 mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125'C. For operating at elevated temperatures, devices in the Dual-In-Line 
J package must be derated based on a thermal resistance of 100“C/W, junction-to-ambient, 175*C/W for the molded Dual-In-Line N package and 100*C/W for the 
Smali Outiine M package. 

Note 3; Human body model, 100 pF discharged through a 1.5 kn resistor. , 

Note 4: Pin-out numbers for the DAC080X represent the Dual-ln-Line package. The Small Outline package pin-out differs from the Dual-ln-Line package. 


Connection Diagrams 

Dual-ln-Line Package 


THRESHOLD 1 
CONTROL. Vlc““ 



Small Outline Package 


Top View 


V+. 

COMPENSATION- 
THRESHOLD CONTROL, Vlc- 


— ^ 

1 

IT 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9 


Top View 


See Ordering Information 


Biock Diagram (Note 4) 












OUTPUT CURRENT (mA) Iq - OUTPUT CURRENT (mA) IpS - OUTPUT CURRENT (mA) 


Typical Performance Characteristics 


Full Scale Current 
vs Reference Current 


II 2 3 4 5 

IrEP - REFERENCE CURRENT (mA) 


Reference Amp 
Common-Mode Range 


Ta“TminT0 TmaX 
ALL BITS "ON" 


-14 -10 -6 -2 2 6 10 14 18 

V15 - REFERENCE COMMON-MODE VOLTAGE (V) 


LSB Propagation Delay Vs Ips 


0.01 0.2 0.05 0.1 0.02 0.5 1 2 5 10 

IpS - OUTPUT FULL SCALE CURRENT (mA) 


Logic Input Current 
vs Input Voltage 


1 

nil 

III 


II 

1 

nil 

III 


II 

1 

nil 

III 


II 

1 

nil 

III 


II 

n 

nil 

III 

1 

II 

1 

nil 

ill 

1 

II 

1 

nil 

ill 

1 

II 


-12-10-8-6-4-20 2 4 6 8 1012141618 
Vj - LOGIC INPUT VOLTAGE (V) 


Reference Input 
Frequency Response 


0.1 0.2 0.5 1 2 5 10 

FREQUENCY (MHz) 

Curve 1: Cc=15 pF, V|n=2 Vp-p 
centered at IV. 

Curve 2: Cc = 1 5 pF, V|n = 50 mVp-p 
centered at 200 mV. 

Curve 3: Cc=0 pF, V|n= 100 mVp-p 
at OV and applied through 50 SI con- 
nected to pin 14.2V applied to R14. 

Vth ~ Vlc vs Temperature 


-50 0 50 100 

Tft -TEMPERATURE ( C) 


Note. Positive common-mode range is 
always (V-f ) - 1.5V 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


-14 -10 -6 -2 2 6 10 14 18 

Vq- OUTPUT VOLTAGE (V) 


Output Voltage Compliance 
vs Temperature 




SHADED AREA INDICATES 
PERMISSIBLE OUTPUT 
VOLTAGE RANGE FOR 
-V = -15V.lBEF^2n»A. 

FOR OTHER -V OR IreF' 
SEE FIGURE 9 





-50 0 50 100 150 

Ta- temperature (“O 


Bit Transfer 
Characteristics 


iZISi 


-12-10-8-6-4-20 2 4 6 8 10 1214 1618 
V|. - LOGIC INPUT VOLTAGE (V) 

TL/H/5686-3 


Note. B1-B8 have identical.transfer characteris- 
tics. Bits are fully switched with less than 1/2 LSB 
error, at less than ±100 mV from actual thresh- 
old. These switching points are guaranteed to lie 
between 0.8 and 2V over the operating tempera- 
ture range (Vlc = OV). 
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Typical Applications (Continued) 


B1 B2 B3 B4 BS B6 B7 BB 



S 

6 7 1 

1 9 10 11 12 \ O 


14 


OAC0800 ) 

r-^ 

15 

3 

16 

13 1 2/— O 


vt 

COMP 6 

4 r 

0.1; 

I'l 

.'J 



Rref 256 
Iq + ^ ~ Ifs tor all 
logic states 

For fixed reference, TTL operation, 
typical values are: 

Vref = 10.000V 
Rref = 5.000k 
R15 = Rref 
Cc = 0.01 ftF 
Vlc “ ov (Ground) 


TL/H/5686-5 

FIGURE 3. Basic Positive Reference Operation (Note 4) 


^lREF».2mA 



1 10V 1 

14 

> 

DACOMO 


15 


4 POT^^ 

/ 



FIGURE 4. Recommended Full Scale Adjustment Circuit 


1-0 ~ ^REf y 255 Note. Rref *fs‘» ^15 is 
PS ~ ^ 256 tor bias current cancellation 

FIGURE 5. Basic Negative Reference Operation (Note 4) 
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Typical Applications (Continued) 


DIGITAL INPUTS 



TL/H/5686-17 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

lo mA 

lo mA 

Eo 

Eo 

Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

0.000 

-9.960 

0.000 

Full Scale -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984 

0.008 

-9.920 

-0.040 

Half Scaled LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

0.984 

-5.040 

-4.920 

Half Scale 

1 

0 

0 

0 

0 

0 

0 

0 

1.000 

0.992 

-5.000 

-4.960 

Half Scale— LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.992 

1.000 

-4.960 

-5.000 

Zero Scale + LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008 

1.984 

-0.040 

-9.920 

Zero Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

1.992 

0.000 

-9.960 


FIGURE 6. Basic Unipolar Negative Operation (Note 4) 



+ 10.000V 


TL/H/5686-6 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Eo 

Eo 

Pos. Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

-9.920 

+ 10.000 

Pos. Full Scale -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

-9.840 

+ 9.920 

Zero Scale + LSB 

1 

0 

0 

0 

0 

0 

0 

1 

-0.080 

+ 0.160 

Zero Scale 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

+ 0.080 

Zero Scale -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

+ 0.080 

0.000 

Neg. Full Scale + LSB 

0 

0 

0 

0 

0 

0 

0 

1 

+ 9.920 

-9.840 

Neg. Full Scale 

0 

0 

0 

0 

0 

0 

0 

0 

+ 10.000 

-9.920 


FIGURE 7. Basic Bipolar Output Operation (Note 4) 


Sk 



If Rl = Rl within ± 0.05%, output is symmetrical about ground 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Eo 

Pos. Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

+ 9.960 

Pos. Full Scale -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

+ 9.880 

(+)Zero Scale 

1 

0 

0 

0 

0 

0 

0 

0 

+ 0.040 

(-)Zero Scale 

0 

1 

1 

1 

1 

1 

1 

1 

-0.040 

Neg. Full Scale + LSB 

0 

0 

0 

0 

0 

0 

0 

1 

-9.880 

Neg. Full Scale 

0 

0 

0 

0 

0 

0 

0 

0 

-9.960 


FIGURE 8. Symmetrical Offset Binary Operation (Note 4) 


TL/H/5686-18 
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DAC0800/DAC0801/DAC0802 


Typical Applications (Continued) 



For complementary output (operation as negative logic DAC), connect invert- 
ing input of op amp to Iq (pin 2), connect Iq (pin 4) to ground. 

FIGURE 9. Positive Low impedance Output Operation (Note 4) 



-l. 

For complementary output (operation as a negative logic DAC) connect non-in- 
verting input of op am to Iq (pin 2); connect Iq (pin 4) to ground. 


TL/H/5686-20 


FIGURE 10. Negative Low Impedance Output Operation (Note 4) 



Vth = Vlc + 1-4V 
15V CMOS, HTL, HNiL 
VjH = 7.6V 

PMOS 


Vth’OV 



TL/H/5686-9 

Note. Do not exceed negative logic input range of DAC. 

FIGURE 1 1. Interfacing with Various Logic Famiiies 


%EF 



JT 


TL/H/5686-10 

Typical values: RiN = 5k,-l-V|N=10V 

FIGURE 12. Pulsed Reference Operation (Note 4) 



Typical Applications (Continued) 


(a) Irep ^ peak negative swing of I|n 


V|N 


*Vref 



(b) + Vref must be above peak positive swing of V|n 



IMPEDANCE 


TL/H/5686-12 


FIGURE 13. Accommodating Bipolar References (Note 4) 


0.1 



FIGURE 14. Settling Time Measurement (Note 4) 


I — 0.4V 
I— OV 

r ov 

-0.4V 


TL/H/5686-7 
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Typical Applications (Continued) 




TL/H/5686-8 


FIGURE 15. A Complete 2 jas Conversion Time, 8-Bit A/D Converter (Note 4) 
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National Semiconduc 


tor 


DAC0808/DAC0807/DAC0806 8-Bit D/A Converters 


General Description 

The DAC0808 series is an 8-bit monolithic digital-to-analog 
converter (DAC) featuring a full scale output current settling 
time of 1 50 ns while dissipating only 33 mW with ± 5V sup- 
plies. No reference current (Iref) trimming is required for 
most applications since the full scale output current is typi- 
cally ± 1 LSB of 255 Iref/ 256. Relative accuracies of bet- 
ter than ±0.19% assure 8-bit monotonicity and linearity 
while zero level output current of less than 4 /xA provides 
8-bit zero accuracy for Iref^ 2 mA. The power supply cur- 
rents of the DAC0808 series are independent of bit codes, 
and exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DAC0808 will interface directly with popular TTL, DTL 
or CMOS logic levels, and is a direct replacement for the 


MC1508/MC1408. For higher speed applications, see 
DAC0800 data sheet. 

Features 

■ Relative accuracy: ±0.19% error maximum (DAC0808) 

■ Full scale current match: ± 1 LSB typ 

■ 7 and 6-bit accuracy available (DAC0807, DAC0806) 

■ Fast settling time: 150 ns typ 

■ Noninverting digital inputs are TTL and CMOS compati- 
ble 

■ High speed multiplying input slew rate: 8 mA/juis 

■ Power supply voltage range: ±4.5V to ±18V 

■ Low power consumption: 33 mW @ ± 5V 


Block and Connection Diagrams Duai-in-une package 



Ordering Information 


ACCURACY 

OPERATING TEMPERATURE 

1 ORDER NUMBERS 

RANGE 

1 J PACKAGE (J16A)* | 

1 N PACKAGE (N16A)* | 

SO PACKAGE (M16A) 

7-bit 

6-bit 

0‘’C^Ta^ + 75“C 
0"C^Ta^ + 75"C 

DAC0807LCJ 

DAC0806LCJ 

MC1408L7 

MC1408L6 

DAC0808LCN 

DAC0807LCN 

DAC0806LCN 

MC1408P8 

MC1408P7 

MC1408P6 

DAC0808LCM 

DAC0807LCM 

DAC0806LCM 


*Note. Devices may be ordered by using either order number. 
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DAC0808/DAC0807/DAC0806 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Power Supply Voltage 

Vcc +18 Vdc 

Vee — 18Vdc 

Digital Input Voltage, V5-V1 2 . -10 Vocto +18 Vdc 

Applied Output Voltage, Vq - 1 1 Vdc to + 1 8 Vqc 

Reference Current, I14 5 mA 

Reference Amplifier Inputs, VI 4, VI 5 Vcc. Vee 

Power Dissipation (Note 3) lOOOmW 

ESD Susceptibility (Note 4) TBD 


Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 
Dual-ln-Une Package (Plastic) 
Dual-ln-Line Package (Ceramic) 
Surface Mount Package 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


-65"Cto +150"C 

260“C 

300“C 

215‘’C 

220“C 


Operating Ratings 

T emperature Range 
DAC0808LC Series 


Tmin ^ Ta ^ Tmax 
0 ^Ta ^ +75“C 


Eiectricai Characteristics 

(Vcc = 5V, Vee, = - 1 5 Vdc. Vref/R1 4 = 2 mA, DACO8O8; Ta = - 55”C to + 1 25“C, DAC0808C, DAC0807C, DAC0806C. Ta 
= 0°C to +76®C, and all digital inputs at high logic level unless otherwise noted.) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Er 

Relative Accuracy (Error Relative 
to Full Scale Iq) 

(Figure 4) 


■ 


% 


DAC0808LC(LM 1408-8) 




±0.19 

% 


DAC0807LC (LM1408-7), (Note 5) 




±0.39 

% 


DAC0806LC (LM 1408-6), (Note 5) 




±0.78 

% 


Settling Time to Within yz LSB 

TA=25*C(Note6), 




ns 


(Includes tpLH) 

(Figures) 





tpLH. tpHL 

Propagation Delay Time 

Ta = 25®C, (Figure 5) 



100 

ns 

TCIo 

Output Full Scale Current Drift 



±20 


ppm/“C 

MSB 

Digital Input Logic Levels 

(Figure 3) 


■■■ 



V|H 

High Level, Logic “1” 


2 



Vdc 

V|L 

Low Level, Logic “0” 




0.8 

Vdc 

MSB 

Digital Input Current 

(Figure 3) 






High Level 

V,H = 5V 


0 

0.040 

mA 


Low Level 



-0.003 

-0.8 

mA 

Il5 

Reference Input Bias Current 

(Figure 3) 


-1 

-3 

juiA 


Output Current Range 

(Figure 3) 

Vee = “5V 




mA 



Vee = -15V,Ta = 25“C 




mA 

lo 

Output Current 

Vref = 2.000V, 

R14 = looon, 

(Figure 3) 



H 

mA 


Output Current, All Bits Low 

(Figure 3) 




/xA 


Output Voltage Compliance (Note 2) 
Vee~ ~5V, IreF“ ^ iTiA 


1 


-0.55, +0.4 

Vdc 


Vee Below -10V 




-5.0, +0.4 

Vdc 
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Electrical Characteristics (Continued) 

(Vcc = 5V, Vee = -15Vdc, Vref/R14 = 2 mA, DAC0808: Ta = -55°Cto 4-125“C, DAC0808C, DAC0807C, DAC0806C, Ta 
= 0°C to -t- 75°C, and all digital inputs at high logic level unless otherwise noted.) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

sriref 

Reference Current Slew Rate 

(Figure 6) 

4 

8 


mA/juLS 


Output Current Power Supply 
Sensitivity 

-5V ^ Vee ^ -16.5V 


0.05 

2.7 

}xA/y 


Power Supply Current (All Bits 
Low) 

(Figure 3) 





Icc 




2.3 

22 

mA 

Iee 




-4.3 

-13 

mA 


Power Supply Voltage Range 

Ta = 25^C, (Figure 3) 





Vcc 



4.5 

5.0 

5.5 

Vdc 

Vee 



-4.5 

-15 

-16.5 

Vdc 


Power Dissipation 







All Bits Low 

Vcc = 5V.Vee= -5V 


33 

170 

mW 



Vcc = 5V,Vee = -15V 


106 

305 

mW 


All Bits High 

Vcc = 15 V, Vee = -5V 


90 


mW 



Vcc = 15V, Vee = -15V 


160 


mW 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Range control is not required. 

Note 3; The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjiviax. ^ja. and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pd = (Tjmax “ T a)/0ja or the number given in the Absolute Maixmum Ratings, whichever is lower. For this 
device, Tjmax = 125®C, and the typical junction-to-ambient thermal resistance of the dual-in-line J package when the board mounted is 100*C/W. For the dual-in- 
line N package, this number increases to ITS^C/W and for the small outline M package this number is 100“C/W. 

Note 4: Human body model, 1 00 pF discharged through a 1 .5 kn resistor. 

Note 5: All current switches are tested to guarantee at least 50% of rated current. 

Note 6: All bits switched. 

Note 7: Pin-out numbers for the DAL080X represent the dual-in-line package. The small outline package pinout differs from the dual-in-line package. 


Typical Application 


Vcc = 5V 



FIGURE 1. + 10V Output Digital to Analog Converter (Note 7) 
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DAC0808/DAC0807/DAC0806 


Typical Performance Characteristics 

Vcc = 5V, Vee = -15V, Ta = 25“C, unless otherwise noted 


Logic Input Current vs 
Input Voltage 



-12-10-8-6 <4-20 2 4 6 8 1012 1416 18 
Vf LOGIC INPUT VOLTAGE (V) 


Bit Transfer Characteristics 



Vi. - LOGIC INPUT VOLTAGE (V) 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


EEHEII9B 

■ 




n 


■ 

1 


m 

■ 

■ 

■ 

■ 

■ 

■ 

II 

m 

■ 

m 


■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 
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Hi 



Hi 
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H 

■ 

■ 

■ 



m 







In 

■i 

HI 

■■ 

Hi 

HIHIHI' 


-14 -10 -6 -2 2 6 10 14 18 

Vq- OUTPUT VOLTAGE (V) 


Output Voltage Compliance 
vs Temperature 


H 

H 

■ 

■1 

■1 

■i 
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■ 



B 




so; 
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1 

i 

i 

i 

1 

1 

1 

1 

1 

1 

1 



1 

1 
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1 

1 

1 

1 



■ 



9N 

6^ 
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TEMPERATURE (C) 


< 

e 

& 
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« 

I 


Typical Power Supply 
Current vs Vee 


AL 

— J 

LBI 

TS HIGH OR LOW | j 
1 1 1 1 1 1 






lEEWiTHIi4«2inA 






r 

THIi4-1n 

r 






A^ 





1-'t ' 1 - 

IEE with If 4 - 0.2 mA 




Ml 





mamm 






Ice 








1 





0 _2 -4 -6 -8 -10-12-14-16-18-20 
Vee - NEGATIVE POWER SUPPLY (V) 


Typical Power Supply 
Current vs Vcc 



Vcc - POSITIVE POWER SUPPLY (V) 


Logic Threshold Voltage vs 



Ta - TEMPERATURE TO 


Typical Power Supply 
Current vs Temperature 



TEMPERATURE TO 


Reference Input 



0.1 0.3 1 3 10 

f- FREQUENCY (MHz) 

TL/H/5687-5 

Unless otherwise specified: R14 = 
R15 == 1 kft, C = 15 pF, pin 16 to 
VeeI Rl = son, pin 4 to ground. 
Curve A: Large Signal Bandwidth 
Method of Figure 7, Vref = 2 Vp-p 
offset 1 V above ground. 

Curve B: Small Signal Bandwidth 
Method of Figure 7, Rl = 250ft, Vref 
= 50 mVp-p offset 200 mV above 
ground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no op 
amp, Rl = 50ft), Rs = 50ft, Vref — 
2V, Vs = 100 mVp-p centered at OV. 
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DAC0808/DAC0807, 


Test Circuits 


DIGITAL J A4 
INPUTS! AS 



V| and li apply to inputs A1 -A8. 

The resistor tied to pin 1 5 is to temperature compensate the 
bias current and may not be necessary for all applications. 
/A1 A2 A3 A4 A5 A6 A7 A8 \ 

'0='<(- + - + -+- + - + -+ — + — J 


and An = “1” if An is at high level 
An = "0” if An is at low level 


FIGURE 3. Notation Definitions Test Circuit (Note 7) 



FIGURE 4. Relative Accuracy Test Circuit (Note 7) 



FOR SEmiNG TIME 
measurement (AIL BITS 
^ " SWITCHED LOW TO HIGH) 
Co<25pF 


0.7V ' — ■ I CLAMP LEVEL 


l,-150RtTYP 
TO ±1/2 LSB 


FIGURE 5. Transient Response and Settling Time (Note 7) 



Test Circuits (Continued) 
vcc 



l^n. 


^50 ^ SCOPE 


SLEWING 

TIME 

^ - JL ^ 

dt Rl dt 


TL/H/5687-9 

FIGURE 6. Reference Current Slew Rate Measurement (Note 7) 


Vcc 



TL/H/5687-10 

FIGURE 7. Positive Vref (Note 7) 


Vcc 



TL/H/5687-11 

FIGURE 8. Negative Vref (Note 7) 


Application Hints 

REFERENCE AMPLIFIER DRIVE AND COMPENSATION 

The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around 
circuit or current mirror for feeding the ladder. The reference 
amplifier input currrent, 1 14 , must always flow into pin 14, 
regardless of the set-up method or reference voltage polarity. 
Connections for a positive voltage are shown in Figure 7. 
The reference voltage source supplies the full current I 14 . 
For bipolar reference signals, as in the multiplying mode, 


Vs 



TL/H/5687-12 

FIGURE 9. Programmable Gain Amplifier or 
Digital Attenuator Circuit (Note 7) 


R15 can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R15 with only 
a small sacrifice in accuracy and temperature drift. 

The compensation capacitor value must be increased with 
increases in R14 to maintain proper phase margin; for R14 
values of 1, 2.5 and 5 kH, minimum capacitor values are 15, 
37 and 75 pF. The capacitor may be tied to either Vee or 
ground, but using Vee increases negative supply rejection. 
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Application Hints (Continued) 

A negative reference voltage may be used if R14 is ground- 
ed and the reference voltage is applied to R15 as shown in 
Figure 6. A high input impedance is the main advantage of 
this method. Compensation involves a capacitor to Vee on 
pin 16, using the values of the previous paragraph. The neg- 
ative reference voltage must be at least 4V above the Vee 
supply. Bipolar input signals may be handled by connecting 
R14 to a positive reference voltage equal to the peak posi- 
tive input level at pin 1 5. 

When a DC reference voltage is used, capacitive bypass to 
ground is recommended. The 5V logic supply is not recom- 
mended as a reference voltage, if a well regulated 5V sup- 
ply which drives logic is to be used as the reference. R14 
should be decoupled by connecting it to 5V through another 
resistor and bypassing the junction of the 2 resistors with 
0.1 j^F to ground. For reference voltages greater than 5V, a 
clamp diode is recommended between pin 14 and ground, 
if pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, de- 
creasing the overall bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 Is restricted to a range of -0.55 to 
0.4V when Vee = “5V due to the current switching meth- 
ods employed In the DAC0808. 

The negative output voltage compliance of the DAC0808 is 
extended to -5V where the negative supply voltage is more 
negative than -10V. Using a full-scale current of 1.992 mA 
and load resistor of 2.5 kft between pin 4 and ground will 
yield a voltage output of 256 levels between 0 and 
-4.980V. Floating pin 1 does not affect the converter 
speed or power dissipation. However, the value of the load 
resistor determines the switching time due to increased volt- 
age swing. Values of Rl up to 500n do not significantly 
affect performance, but a 2.5 kft load Increases worst-case 
settling time to 1 .2 fis (when ail bits are switched ON). Refer 
to the subsequent text section on Settling Time for more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages more negative than -8V, 
due to the Increased voltage drop across the resistors in the 
reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full-scale current. The relative accuracy of the 
DAC0808 is essentially constant with temperature due to 


the excellent temperature tracking of the monolithic resistor 
ladder. The reference current may drift with temperature, 
causing a change in the absolute accuracy of output cur- 
rent. However, the DAC0808 has a very low full-scale cur- 
rent drift with temperature. 

The DAC0808 series is guaranteed accurate to within ± 
LSB at a full-scale output current of 1 .992 mA. This corre- 
sponds to a reference amplifier output current drive to the 
ladder network of 2 mA, with the loss of 1 LSB (8 juA) which 
is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1 
mA, allowing some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in Figure 4. The 12- 
bit converter is calibrated for a full-scale output current of 
1.992 mA. This is an optional step since the DAC0808 accu- 
racy is essentially the same between 1 .5 and 2.5 mA. Then 
the DAC0808 circuits’ full-scale current is trimmed to the 
same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by 
comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accuracy D-to-A converter. 16-bit accuracy implies a 
total error of ±V 2 of one part in 65,536 or ±0.00076%, 
which is much more accurate than the ±0.019% specifica- 
tion provided by the DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mode with 
8-bit accuracy when the reference current is varied over a 
range of 256:1. If the reference current In the multiplying 
mode ranges from 16 jmA to 4 mA, the additional error con- 
tributions are less than 1 .6 juA. This is well within 8-bit accu- 
racy when referred to full-scale. 

A monotonIc converter is one which supplies an Increase in 
current for each Increment In the binary word. Typically, the 
DAC0808 is monotonic for all values of reference current 
above 0.5 mA. The recommended range for operation with 
a DC reference current is 0.5 to 4 mA. 

SETTLING TIME 

The worst-case switching condition occurs when ail bits are 
switched ON, which corresponds to a low-to-high transition 
for all bits. This time is typically 1 50 ns for settling to within 
± Va LSB, for 8-blt accuracy, and 100 ns to Va LSB for 7 and 
6-blt accuracy. The turn OFF is typically under 100 ns. 
These times apply when Rl ^ 500ft and Cq ^ 25 pF. 
Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when mea- 
suring settling time. Short leads, 100 jiiF supply bypassing 
for low frequencies, and minimum scope lead length are all 
mandatory. 
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National Semiconductor 

DAC0830/DAC0831/DAC0832 8-Bit jaP 
Compatible, Double-Buffered D to A Converters 


General Description 

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, Z80®, and other popular microprocessors. A deposit- 
ed silicon-chromium R-2R resistor ladder network divides 
the reference current and provides the circuit with excellent 
temperature tracking characteristics (0.05% of Full Scale 
Range maximum linearity error over temperature). The cir- 
cuit uses CMOS current switches and control logic to 
achieve low power consumption and low output leakage 
current errors. Special circuitry provides TTL logic Input volt- 
age level compatibility. 

Double buffering allows these DACs to output a voltage cor- 
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any num- 
ber of DACs. 

The DAC0830 series are the 8-blt members of a family of 
microprocessor-compatible DACs (MICRO-DACtm). For ap- 
plications demanding higher resolution, the DAC1000 series 
(10-blts) and the DAC1208 and DAC1230 (12-bits) are avail- 
able alternatives. 


Typical Application 


Features 

■ Double-buffered, single-buffered or flow-through digital 
data inputs 

■ Easy interchange and pin-compatible with 12-bit 
DAC1230 series 

■ Direct interface to all popular microprocessors 

■ Linearity specified with zero and full scale adjust only — 
NOT BEST STRAIGHT LINE FIT. 

B Works with ± 1 0V reference-full 4-quadrant 
multiplication 

B Can be used in the voltage switching mode 

B Logic Inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

B Operates “STAND ALONE” (without jaP) if desired 

B Available in 20-pin small-outline or molded chip carrier 
package 


Key Specifications 

B Current settling time 
B Resolution 
B Linearity 

(guaranteed over temp.) 

B Gain Tempco 
B Low power dissipation 
B Single power supply 


*Ailows easy upgrade to 12-bit DAC1230, 

See application hints 


1 jULS 
8 bits 
8, 9, or 10 bits 

0 . 0002 % Fsrc 

20 mW 
5 to 15 Vdc 


I 17 19 18 2 1 20 9 


Connection Diagrams (Top Views) 


Dual-ln-Line and 
Small-Outline Packages 



tThis is necessary for the 
12-bit DAC1230 series to 
permit interchanging from 
an 8-bit to a 12-bit DAC 
with No PC board changes 
and no software changes, 
See applications section. 


Molded Chip Carrier Package 

m 2 mR DI4 DI5 Dig 


ILE(BYTEl/BYTE2)t-|l9 

VccH20 


18 

19 

17 16 

15 

14 

13 

20 



12 

1 



11 

- 2 



10 

• 3 

Ni- 

5 6 

7 

9 

8 


13|-Dl7(MSB) 


DIj DI2 Dll DIoVref 
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Absolute Maximum Ratings (Notes 1 & 2 ) 

If Military/Aerospace specified devices are required, Lead Temperature (soldering, 10 sec.) 

please contact the National Semiconductor Sales Dual-ln-Line Package (plastic) 260°C 

Office/Distributors for availability and specifications. Dual-ln-Line Package (ceramic) 300“C 

Supply Voltage (Vcc) 17 Vdc Surface Mount Package 

voltage at Any Digital input VcctoGND SSS'""’ S 

Voltage at Vref Input ±25V 

Storage Temperature Range -esXto +150"C OpSratlng CondltlOnS 

Package Dissipation Temperature Range T^in^Ta^Tmax 

atTA=25°C(Note3) SOOmW Part'numbers with ‘LCN’ suffix 0°Cto+70°C 

DC Voltage Applied to Part numbers with ‘LCWM’ suffix 0°Cto+70"C 

•ouTi or louT 2 (Note 4) - 1 00 mV to Vnc 

corte * u r*. /M ♦ onnv/ Part numbers With ‘LCV’ suffix 0“Cto+70“C 

ESDSusceptability(Note 14) 800V 

Part numbers with ‘LCJ’ suffix -40"Cto+85*C 

Part numbers with ‘LJ’ suffix , -55°Cto +125®C 

Voltage at Any Digital Input , Vcc to GND 

ElOCtriCal Characteristics Vref= IO.OOO Vdc unless otherwise noted. Boldface limits apply over tempera- 
ture, Th/hni^Ta^Tmax* F^or all other limits Ta=25°C. 

Parameter 

Conditions 

See 

Note 

Vcc = 4.75 Vdc 
V cc = 15.75 Vdc 

Vcc = 5 Vdc ±5% 
Vcc = 12 Vdc ±5% 
to 15 Vdc ±5% 

Limit 

Units 


Tested 
Limit 
(Note 5) 

Design Limit 
(Note 6) 

CONVERTER CHARACTERISTICS 

Resolution ;< 



8 

8 

8 

bits 

Linearity Error Max 

DAC0830LJ & LCJ 

DAC0832LJ & LCJ 
DAC0830LCN, LCWM & LCV 
DAC0831LCN 

DAC0832LCN, LCWM & LCV 

Zero and full scale adjusted 
-10 V^Vref^ + 10V 

4,8 


0.05 

0.2 

0.05 

0.1 

0.2 

0.05 

0.2 

0.05 

0.1 

0.2 

% FSR 
% FSR 
% FSR 
% FSR 
% FSR 

Differential Nonlinearity 

Max 

DAC0830LJ & LCJ 

DAC0832LJ & LCJ 
DAC0830LCN, LCWM & LCV 
DAC0831LCN 

DAC0832LCN, LCWM & LCV 

Zero and full scale adjusted 
-10 V^Vref^ + 10V 

4,8 


0.1 

0.4 

0.1 

0.2 

0.4 

0.1 

0.4 

0.1 

0.2 

0.4 

% FSR 
% FSR 
% FSR 
% FSR 
% FSR 

Monotonicity 

-IOV^Vref lj&lcj 

^ + 10V LCN, LCWM & LCV 

4 



8 

8 

bits 

bits 

Gain Error Max 

Using Internal Rfb 
-10 V^Vref^ + 10V 




±1 

%FS 

Gain Error Tempco Max 

Using internal Rfb 

I 



0.0006 

% 

FS/“C 

Power Supply Rejection 

All digital inputs latched high 

Vcc = 14.5V to 15.5V 

11.5V to 12.5V 

4.5V to 5.5V 


0.0002 

0.0006 

0.013 

0.0025, 

0.015 


% 

FSR/V 

Reference Input 

Max 



15 

20 

20 

ka 

Min 



15 

10 . 

10 

ka 

Output Feedthrough Error 

VREF = 20Vp-p,f=100kHz 

All data inputs latched low 





mVp-p 
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Electrical Characteristics Vref= 1 0-000 Vdc unless otherwise noted. Boldface limits apply over tempera 
ture,TM|N^TA^TMAX-ForallotherlimitsTA=25°C. (Continued) 
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Electrical Characteristics Vref= 't 0.000 Vqc unless otherwise noted. Boldface limits apply over tempera- 
ture, Tmin^Ta^Tmax- other limits Ta= 25“C. (Continued) 


Vcc= 15.75 Vdc 


Symbol Parameter 


AC CHARACTERISTICS 


Conditions 


V|L=0V. V|h = 5V 


Typ 

(Note 12) 


Tested 
Limit 
(Note 5) 


Vcc=12Vdc±5% 

tolSVpc ±5% 

Design 
Limit 
(Note 6) 


Limit 

Tested Design Units 
/a. * Limit Limit 
^''^‘^'"NNoteS) (Notes) 


tw WriteandXFER V|l=0V, V|h = 5V 11 100 25i 


Pulse Width Min 



V|l=0V,V|h=5V 


V|L=0V, V|h = 5V 


100 251 

32 


tcs Control Setup Time V|l=0V, V|h = 5V 


110 250 

320 



Note 1; Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Ail voltages are measured with respect to GND, unless otherwise specified. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja. and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pd = (Tjmax “ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tj^ax = 125*C (plastic) or 150*C (ceramic), and the typical junction-to-ambient thermal resistance of the J package when board mounted is BO'C/W. For 
the N package, this number increases to lOO^C/W and for the V package this number is 120“C/W. 

Note 4: For current switching applications, both Iquti ^nd louT2 nnost go to ground or the “Virtual Ground” of an operational amplifier. The linearity error is 

degraded by approximately Vqs Vref- For example, if Vref = 10V then a 1 mV offset, Vqs. on Iquti or Iout2 will introduce an additional 0.01% linearity error. 
Note 5: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Guaranteed at Vref~ i 10 Vqc ood Vref~ i 1 Vqc- 

Note 8: The unit “FSR” stands for "Full Scale Range.” "Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vref value and to Indicate the true performance of the part. The “Linearity Error” specification of the DAC0830 is “0.05% of FSR (MAX)”. This 
guarantees that after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 
0.05% X Vref ® straight line which passes through zero and full scale. 

Note 9: Boldface tested limits apply to the LI and LCJ suffix parts only. 

Note 10; A lOOnA leakage current with Rfb=20k and Vref = 10V corresponds to a zero error of (100X1 0-9x20 xio3)x 100/10 which is 0.02% of FS. 

Note 11: The entire write pulse must occur within the valid data interval for the specified tw, tos. toH. and ts to apply. 

Note 12: Typicals are at 25*0 and represent most likely parametric norm. 

Note 13: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Definition of Package Pinouts 


Control Signals (All control signals level actuated) 

CS: Chip Select (active low). The CS in combina- 

tion with ILE will enable WRi. 

ILE: Input Latch Enable (active high). The ILE in 

combination with CS e nables WR-(. 

WRi: Write 1. The active low WRi is used to load the 

digital input data bits (Dl) into the input l atch. 
The data in the input latch is latched when WRi 
is high. To update the input latch — CS and WRi 

must be low while ILE is high. 

WR2: Writ e 2 (ac tive low). This signal, in combination 

with XFER, causes the 8-bit data which is avail- 
able in the input latch to transfer to the DAC 
register. 

XFER: Transfer control signal (active low). The 

XFER will enable WRa- 

Other Pin Functions 

DI0-DI7: Digital Inputs. DIq is the least significant bit 
(LSB) and DI7 is the most significant bit (MSB). 
I0UT1: DAC Current Output 1. Iquti is a maximum 

for a digital code of all 1 ’s in the DAC register, 
and is zero for all O’s In DAC register. 

•0UT2: DAC Current Output 2 . I0UT2 is a constant 

minus Iquti > or Iquti + I0UT2 = constant (I full 
scale for a fixed reference voltage). 

Rfb: Feedback Resistor. The feedback resistor is 

provided on the 1C chip for use as the shunt 


feedback resistor for the external op amp which is 
used to provide an output voltage for the DAC. 
This on-chip resistor should always be used (not 
an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and 
tracks these resistors over temperature. 

Vref: Reference Voltage Input. This input connects an 

external precision voltage source to the internal R- 
2R ladder. Vref can be selected over the range of 
*f 10 to -10V. This Is also the analog voltage in- 
put for a 4-quadrant multiplying DAC application. 
Vcc: Digital Supply Voltage. This is the power supply 

pin for the part. Vqc can be from + 5 to +1 5Vdc- 
Operation is optimum for + 1 SVqc- 
GND: The pin 10 voltage must be at the same ground 

potential as Iquti and Iout2 current switching 
applications. Any difference of potential (Vqs pin 
10) will result in a linearity change of 

Vqs pin 10 
3Vref 

For example, if Vref = 10V and pin 10 is 9mV 
offset from Iquti and Iout2 the linearity change 
will be 0.03%. 

Pin 3 can be offset ±100mV with no linearity 
change, but the logic Input threshold will shift. 
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a) End point test after 
zero and fs adj. 


b) Best straight line 


DIGITAL INPUT 

TL/H/SeOB-S 

c) Shifting fs adj. to pass 
best straight line test 


Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC0830 
has 28 or 256 steps and therefore has 8-bit resolution. 
Linearity Error: Linearity Error Is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity “end point test” (a) and the “best 
straight line” test (b,c) used by other suppliers are illustrated 
above. The “end point test” greatly simplifies the adjust- 
ment procedure by eliminating the need for multiple itera- 
tions of checking the linearity and then adjusting full scale 
until the linearity is met. The “end point test” guarantees 
that linearity Is met after a single full scale adjust. (One ad- 
justment vs. multiple iterations of the adjustment.) The “end 
point test” uses a standard zero and F.S. adjustment proce- 
dure and is a much more stringent test for DAC linearity. 
Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ±y 2 LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error Is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC0830 series, full-scale is Vref -1LSB. 
For Vref = 10V and unipolar operation, Vfull-SCALE= 
10.0000V-39mV= 9.961V. Full-scale error is adjustable to 
zero, 

Differential Nonlinearity: The difference between any two 
consecutive codes in the transfer curve from the theoretical 
1 LSB is differential nonlinearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. An 8-bit DAC 
which is monotonic to 8 bits simply means that increasing 
digital input codes will produce an increasing analog output. 



FIGURE 1. DAC0830 Functional Diagram 
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Typical Performance Characteristics 


Digital Input Threshold 



-55-35-15 5 25 45 65 85 105 125 
Ta. ambient temperature (®C) 

Gain and Linearity Error 
Variation vs. Supply Voltage 



Vcc. SUPPLY VOLTAGE (Voc) 


Digital Input Threshold 



5 10 15 

Vcc. SUPPLY VOLTAGE |V) 


Gain and Linearity Error 
Variation vs. Temperature 

0.1 
0.075 
g 0.05 
I 0.025 

I “ 

I -0.025 
g -0.05 
-0.075 
- 0.1 

-55-35-15 5 25 45 65 85 105 125 
Ta. AMBIENT TEMPERATURE (»C) 



Write Pulse Width 



-55-35-15 5 25 45 65 85 105.125 
Ta. AMBIENT TEMPERATURE ( “C) 


Data Hold Time 

250 
200 
150 
100 
50 

-55-35-15 5 25 45 65 85 105 125 
Ta, ambient temperature {“C) 
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DAC0830 Series Application Hints 

These DAC’s are the industry’s first microprocessor com- 
patible, double-buffered 8-bit multiplying D to A converters. 
Double-buffering allows the utmost application flexibility 
from a digital control point of view. This 20-pin device is also 
pin for pin compatible (with one exception) with the 
DAC1230, a 12-bit MICRO-DAC. In the event that a sys- 
tem’s analog output resolution and accuracy must be up- 
graded, substituting the DAC1230 can be easily accom- 
plished. By tying address bit Aq to the ILE pin, a two-byte fiP 
write instruction (double precision) which automatically in- 
crements the address for the second byte write (starting 
with Ao= “1 ”) can be used. This allows either an 8-bit or the 
12-bit part to be used with no hardware or software chang- 
es. For the simplest 8-bit application, this pin should be tied 
to Vcc (3lso see other uses in section 1.1). 

Analog signal control versatility is provided by a precision R- 
2R ladder network which allows full 4-quadrant multiplica- 
tion of a wide range bipolar reference voltage by an applied 
digital word. 

1.0 DIGITAL CONSIDERATIONS 

A most unique characteristic of these DAC’s is that the 8-bit 
digital input byte is double-buffered. This means that the 
data must transfer through two Independently controlled 8- 
bit latching registers before being applied to the R-2R lad- 
der network to change the analog output. The addition of a 
second register allows two useful control features. First, any 
DAC In a system can simultaneously hold the current DAC 
data in one register (DAC register) and the next data word in 
the second register (input register) to allow fast updating of 
the DAC output on demand. Second, and probably more 
important, double-buffering allows any number of DAC’s in a 


system to be updated to their new analog output levels 
simultaneously via a common strobe signal. 

The timing requirements and logic level convention of the 
register control signals have been designed to minimize or 
eliminate external interfacing logic when applied to most 
popular microprocessors and development systems. It is 
easy to think of these converters as 8-bit “write-only” mem- 
ory locations that provide an analog output quantity. All in- 
puts to these DAC’s meet TTL voltage level specs and can 
also be driven directly with high voltage CMOS logic in non- 
microprocessor based systems. To prevent damage to the 
chip from static discharge, all unused digital inputs should 
be tied to Vcc or ground. If any of the digital Inputs are 
Inadvertantly left floating, the DAC interprets the pin as a 
logic “1”. 

1.1 Double-Buffered Operation 

Updating the analog output of these DAC’s in a double-buff- 
ered manner is basically a two step or double write opera- 
tion. In a microprocessor system two unique system ad- 
dresses must be decoded, one for the input latch controlled 
by the CS pin a nd a s econd for the DAC latch which is 
controlled by the XF^ line. If more than one DAC is being 
driven. Figure 2, the CS line of each DAC would typically be 
decoded individually, but all of the converters could share a 
common XFER address to allow simultaneous updating of 
any number of DAC’s. The timing for this operation is 
shown, Figure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DAC’s whose input register had been modified prior to the 
XFER command. 
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DAC0830 Series Application Hints (Continued) 



♦TIE TO LOGIC 1 IF NOT NEEDED (SEE SEC. 1.1). 

FIGURE 2. Controlling Mutiple DACs 
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FIGURE 3 



DAC REGISTER LATCHED 
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The ILE pin is an active high chip select which can be ^ 
coded from the address bus as a qualifier for the normal CS 
signal generated during a write operation. This can be used 
to provide a higher degree of decoding unique control slg« 
nals for a particular DAC, and thereby create a more effi- 
cient addressing scheme. 

Another useful application of the ILE pin of each DAC in a 
multiple DAC system is to tie these inputs together and use 
this as a control line that can effectively “freeze” the out- 
puts of all the DAC’s at their present value. Pulling this line 
low latches the input register and prevents new data from 
being written to the DAC, This can be particularly useful in 
multiprocessing systems to allow a processor other than the 


one controlling the DAC’s to take over control of the data 
bus and control lines. If this second system were to use the 
same addresses as those decoded for DAC control (but for 
a different purpose) the ILE function would prevent the 
DAC’s from being erroneously altered. 

In a “Stand-Alone” system the control signals are generat- 
ed by discrete logic. In this case double -buffering can be 
controlled by simply takin g CS and XFER to a logic “0”, ILE 
to a logic “1 ” and pulling WRi low to load data to the input 
latch. Pulling WR 2 low will then update the analog output. A 
logic “1” on either of these lines will prevent the changing 
of the analog output. 
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1.2 Single-Buffered Operation 

In a microprocessor controlled system where maximum 
data throughput to the DAC is of primary concern, or when 
only one DAC of several needs to be updated at a time, a 
single-buffered configuration can be used. One of the two 
internal registers allows the data to flow through and the 
other register will serve as the data latch. 

Digital signal feedthrough (see Section 1 .5) is minimized if 
the input register Is used as the data latch. Timing for this 
mode is shown in Figure 4. 

Single-b ufferin g In a “stand-alone” system Is ac hieve d by 
strobing WRi low to update the DAC with US, WR2 and 
XFER grounded and ILE tied high. 

1.3 Flow-Through Operation 

Though primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DAC’s can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital Input. This is most useful in appli- 
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up-down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Simply grounding CS, WRi, WRj. and XFER and tying ILE 
high allows both internal registers to follow the applied digi- 
tal inputs (flow-through) and directly affect the DAC analog 
output. 

1.4 Control Signal Timing 

When Interfacing these MICRO-DAC to any microprocessor, 
there are two important time relationships that must be con- 
sidered to insure proper operation. The first is the minimum 
WR strobe pulse width which is specified as 900 ns for all 
valid operating conditions of supply voltage and ambient 
temperature, but typically a pulse width of only 180ns is 
adequate if Vcc-15Vdc- A second consideration Is that 
the guaranteed minimum data hold time of 50ns should 


be met or erroneous data can be latched. This hold time is 
defined as the length of time data must be held valid on the 
digital inputs after a qualified (via CS) WR strobe makes a 
low to high transition to latch the applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse- 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 5 for an 
exemplary system which provides a 250ns WR strobe time 
with a data hold time of less than 10ns. 

The proper data set-up time prior to the latching edge (LO to 
HI transition) of the WR strobe, is insured if the WR pulse- 
width is within spec and the data is valid on the bus for the 
duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched in the internal registers, but the digital 
Inputs are changing state, a narrow spike of current may 
flow out of the current output terminals. This spike Is caused 
by the rapid switching of internal logic gates that are re- 
sponding to the input changes. 

There are several recommendations to minimize this effect. 
When latching data In the DAC, always use the input regis- 
ter as the latch. Second, reducing the Vcc supply for the 
DAC from + 1 5V to + 5V offers a factor of 5 improvement In 
the magnitude of the feedthrough, but at the expense of 
internal logic switching speed. Finally, increasing Cc {Figure 
6) to a value consistent with the actual circuit bandwidth 
requirements can provide a substantial damping effect on 
any output spikes. 
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DAC0830 Series Application Hints (Continued) 
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FIGURE 5. Accommodating a High Speed System 
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The fundamental purpose of any D to A converter is to pro- 
vide an accurate analog output quantity which is representa- 
tive of the applied digital word. In the case of the DAC0830, 
the output, louTi» is a current directly proportional to the 
product of the applied reference voltage and the digital input 
word. For application versatility, a second output, Iout2. ‘s 
provided as a current directly proportional to the comple- 
ment of the digital input. Basically: 

, _Vref„ Digital Input 

Vref 255 -Digital Input 
iii 

where the digital Input Is the decimal (base 10) equivalent of 
the applied 8-blt binary word (0 to 255), Vref is the voltage 
at pin 8 and 15 kft is the nominal value of the internal resist- 
ance, R, of the R-2R ladder network (discussed in Section 
2 . 1 ). 

Several factors external to the DAC Itself must be consid- 
ered to maintain analog accuracy and are covered In subse- 
quent sections. 

2.1 The Current Switching R-2R Ladder 

The analog circuitry. Figure 6, consists of a silicon-chromi- 
um (SICr or Si-chrome) thin film R-2R ladder which is depos- 
ited on the surface oxide of the monolithic chip. As a result, 
there are no parasitic diode problems with the ladder (as 
there may be with diffused resistors) so the reference volt- 
39®. Vref. can range -10V to +10V even If Vcc for the 
device Is 5Vdc- 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches and steers the available 
ladder current to either louTi or louT2 determined by the 
logic Input level (“1” or “0”) respectively, as shown in 


Figure 6. The MOS switches operate in the current mode 
with a small voltage drop across them and can therefore 
switch currents of either polarity. This Is the basis for the 4- 
quadrant multiplying feature of this DAC. 

2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes In the 
applied digital code, It is important that the voltages at both 
of the current output pins be as near ground potential 
(OVdc) as possible. With Vref“ +10V every millivolt ap- 
pearing at either Iquii o' •ouT2 will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 7. 

The Inverting input of the op amp Is a “virtual ground” creat- 
ed by the feedback from Its output through the Internal 15 
kfl resistor, Rfb- All of the output current (determined by the 
digital input and the reference voltage) will flow through Rfb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of Vref thus causing 
louTi fo f^ow Into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case. Is always 
equal to louti x Rfb and is the opposite polarity of the refer- 
ence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from —10V to +10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is always less than or equal to the 
applied reference voltage. The Vref terminal of the device 
presents a nominal impedance of 1 5 k^^ to ground to exter- 
nal circuitry. 

Always use the internal Rfb resistor to create an output volt- 
age since this resistor matches (and tracks with tempera- 
ture) the value of the resistors used to generate the output 
current (Iquti)- 
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DIGITAL 

INPUT 



2.3 Op Amp Considerations 


The op amp used in Figure 7 should have offset voltage 
nulling capability (See Section 2,5). 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FET op amps are highly recommended for use 
with these DACs because of their very low input current. 
Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, Rfb, and the output capacitance of the DAC. 
This appears from the op amp output to the (— ) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 8, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

Finally, the output voltage swing of the amplifier must be 
greater than Vref fo allow reaching the full scale output 
voltage. Depending on the loading on the output of the am- 
plifier and the available op amp supply voltages (only ±12 
volts in many development systems), a reference voltage 
less than 10 volts may be necessary to obtain the full ana- 
log output voltage range. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous circuitry 
can be used to generate a bipolar output voltage from a 
fixed reference voltage. This, in effect, gives sign signifi- 
cance to the MSB of the digital input word and allows two- 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize full 4-quad- 
rant multiplication: ± Vref x ± Digital Code= ±VouT- This 
circuit is shown in Figure 9. 


This configuration features several improvements over ex- 
isting circuits for bipolar outputs with other multiplying 
DACs. Only the offset voltage of amplifier 1 has to be nulled 
to preserve linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output voltage er- 
ror) has no effect on linearity. It should be nulled only if 
absolute output accuracy Is required. Finally, the values of 
the resistors around the second amplifier do not have to 
match the Internal DAC resistors, they need only to match 
and temperature track each other. A thin film 4-resistor net- 
work available from Beckman Instruments, Inc. (part no. 
694-3-R10K-D) Is ideally suited for this application. These 
resistors are matched to 0.1 % and exhibit only 5 ppm/“C 
resistance tracking temperature coefficient. Two of the four 
available 10 kft resistors can be paralleled to form R in 
Figure 9 and the other two can be used independently as 
the resistances labeled 2R. 

2.5 Zero Adjustment 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near OVdc as possible. 
This is accomplished for the typical DAC — op amp connec- 
tion {Figure 7) by shorting out Rfb, the amplifier feedback 
resistor, and adjusting the Vqs nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if Iquti 's 
driving the op amp (all one’s for louT2)- The short around 
Rfb is then removed and the converter Is zero adjusted. 
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Cc 



OP Amp 

Cc 

(0 to Full Scale) 

LF356 

22 pF 

4 JLtS 

LF351 

22 pF 

5 jLis 

LF357* 

10 pF 

2 julS 


*2.4 kn RESISTOR ADDED FROM -INPUT TO 
GROUND TO INSURE STABILITY 


VrefC 



V0UT=Vref 


(DIGITAL CODE- 128) 
128 
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*THESE RESISTORS ARE AVAILABLE FROM 
BECKMAN INSTRUMENTS, INC. AS THEIR 
PART NO. 694-3-R10K-D 


Input Code 

IDEAL VouT 

MSB LSB 

+ Vref 

-Vref 

11111111 

Vref-1 lsb 

-|VrefI + 1 lsb 

1 1 0 0 0 0 0 0 

Vref/2 

CM 

LL 

LU 

(T 

> 

I 

1 0 0 0 0 0 0 0 

0 

0 , 

0 1111111 

-1 LSB 

+ 1 LSB 

0 0 111111 

IVrefI 

2 

2 

00000000 

-IVrefI 

+ IVrefI 


FIGURES 


2.6 Full-Scale Adjustment 

In the case where the matching of Rfb to the R value of the 
R-2R ladder (typically ±0.2%) is insufficient for full-scale 
accuracy in a particular application, the Vref voltage can be 
adjusted or an external resistor and potentiometer can be 
added as shown in Figure 10 to provide a full-scale adjust- 
ment. 

The temperature coefficients of the resistors used for this 
adjustment are an important concern. To prevent degrada- 
tion of the gain error temperature coefficient by the external 
resistors, their temperature coefficients ideally would have 
to match that of the internal DAC resistors, which is a highly 
impractical constraint. For the values shown in Figure 10, If 
the resistor and the potentiometer each had a temperature 
coefficient of ± 100 ppm/’C maximum, the overall gain error 
temperature coefficent would be degraded a maximum of 
0.0026%/*C for an adjustment pot setting of less than 3% 
of Rft,. 

2.7 Using the DAC0830 in a Voitage Switching 
Configuration 

The R-2R ladder can also be operated as a voltage switch- 
ing network. In this mode the ladder is used in an inverted 


manner from the standard current switching configuration. 
The reference voltage is connected to one of the current 
output terminals (Iquti for true binary digital control, louT2 
is for complementary binary) and the output voltage is taken 
from the normal Vref pin. The converter output Is now a 
voltage in the range from OV to 255/256 Vref as a function 
of the appiied digital code as shown in Figure 1 1. 
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FIGURE 11. Voltage Mode Switching 
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This configuration offers several useful application advan- 
tages. Since the output is a voltage, an external op amp Is 
not necessarily required but the output impedance of the 
DAC is fairly high (equal to the specified reference Input 
resistance of 10 kft to 20 ka) so an op amp may be used 
for buffering purposes. Some of the advantages of this 
mode are illustrated in Figures 12, 13, 14 and 15. 

There are two Important things to keep in mind when using 
this DAC in the voltage switching mode. The applied refer- 
ence voltage must be positive since there are internal para- 
sitic diodes from ground to the louTi and louT2 terminals 
which would turn on if the applied reference went negative. 
There Is also a dependence of conversion linearity and 



• Voltage switching mode eliminates output signal inversion and therefore a 
need for a negative power suppiy. 

• Zero code output voltage is limited by the low level output saturation volt- 
age of the op amp. The 2 kft pull-down resistor helps to reduce this voit- 
age. 

• Vos 0^ the op amp has no effect on DAC linearity. 

FIGURE 12. Single Suppiy DAC 


gain error on the voltage difference between Vcc and the 
voltage applied to the normal current output terminals. This 
is a result of the voltage drive requirements of the ladder 
switches. To ensure that all 8 switches turn on sufficiently 
(so as not to add significant resistance to any leg of the 
ladder and thereby introduce additional linearity and gain 
errors) it is recommended that the applied reference voltage 
be kept less than +5 Vdc and Vcc be at least 9V more 
positive than Vref. These restrictions ensure less than 
0.1% linearity and gain error change. Figures 16, /7and 18 
characterize the effects of bringing Vref and Vcc closer 
together as well as typical temperature performance of this 
voltage switching configuration. 



TL/H/5608-13 

.Vout=2.5v(^-i) 

• Slewing and settling time for a full scale output change is ~ 1.8 fis 

FIGURE 13. Obtaining a Bipolar Output from a Fixed 
Reference with a Single Op Amp 
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FIGURE 14. Bipolar Output with Increased Output Voltage Swing 


+15V 



• Only a single + 1 5V supply required 

• Non-interactive full-scale and zero code output adjustments 

• Vmax and V^in must be ^ -t-5VDC and ^OV. 

• Incremental Output (Vmax-Vmin)- 

D 255 

•Vout=^(Vmax-Vmin)+^Vmin 

FIGURE 15. Single Supply DAC with Levei Shift and Span- 
Adjustable Output 
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Gain and Linearity Error 
Variation vs. Supply Voltage 
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Gain and Linearity Error 
Variation vs. Reference Voltage 
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Gain and Linearity Error 
Variation vs. Temperature 
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TL/H/5608-15 

FIGURE 17 FIGURE 18 

Note: For these curves, Vref 'S the voltage ap- 
plied to pin 11 (louTi) with pin 12 (I 0 UT 2 ) 
grounded. 
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DAC0830 Series Application Hints (Continued) 


2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable care 
should be exercised in handling them to prevent catastroph- 
ic failures due to static discharge. 

Conversion accuracy is only as good as the applied refer- 
ence voltage so providing a stable source over time and 
temperature changes is an important factor to consider. 

A “good” ground is most desirable. A single point ground 
distribution technique for analog signals and supply returns 
keeps other devices in a system from affecting the output of 
the DACs. 

During power-up supply voltage sequencing, the -15V (or 
-12V) supply of the op amp may appear first. This will 
cause the output of the op amp to bias near the negative 
supply potential. No harm Is done to the DAC, however, as 
the on-chip 15 kn feedback resistor sufficiently limits the 
current flow from Iquti when this lead is internally clamped 
to one diode drop below ground. 

Careful circuit construction with minimization of lead lengths 
around the analog circuitry, is a primary concern. Good high 
frequency supply decoupling will aid in preventing inadver- 
tent noise from appearing on the analog output. 

Applications 

DAC Controlled Amplifier (Volume Control) 


DIGITAL 

INPUTS 



• When D=0, the amplifier will go open loop and the output will saturate. 

• Feedback impedance from the -input to the output varies from 15 kft to 
oo as the input code changes from full-scale to zero. 


Overall noise reduction and reference stability is of particu- 
lar concern when using the higher accuracy versions, the 
DAC0830 and DAC0831, or their advantages are wasted. 

3.0 GENERAL APPLICATION IDEAS 

The connections for the control, pins of the digital input reg- 
isters are purposely omitted. Any of the control formats dis- 
cussed in Section 1 of the accompanying text will work with 
any of the circuits shown. The method used depends on the 
overall system provisions and requirements. 


The digital Input code is referred to as D and represents the 
decimal equivalent value of the 8-bit binary input, for exam- 
ple: 


Pin 13 

MSB 

Binary input 

Pin 7 

LSB 

D 

Decimal Equivalent 

1 

1 

1 

1 

1 

1 

1 

1 

255 

1 

0 

0 

0 

0 

0 

0 

0 

128 

0 

0 

0 

1 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Capacitance Multiplier 



• Maximum voltage across the equivalent capacitance is 
limited to 



• C 2 is used to improve settling time of op amp. 
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Applications (Continued) 




Variable fn, Variable Qn, Constant BW Bandpass Filter 
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Applications (Continued) 


Two Terminal Floating 4 to 20 mA Current Loop Controller 



TL/H/5608-19 


loUT = Vref 


■ 1 

h 

‘i+52‘ 

r/ 

256RfbJ 

R 3 . 


• DAC0830 linearly controls the current flow from the input terminal to the 
output terminal to be 4 mA (for D=0) to 19.94 mA (for D=2S5). 

• Circuit operates with a terminal voltage differential of 16V to 55V. 

• P 2 adjusts the magnitude of the output current and adjusts the zero 
to full scale range of output current. 

• Digital inputs can be supplied from a processor using opto isolators on 
each input or the DAC latches can flow-through (connect control lines to 
pins 3 and 10 of the DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 


DAC Controlled Exponential Time Response 



TL/H/5608-20 


• Output responds exponentially to input changes and automatically stops 
when Vout=V|n 

• Output time constant is directly proportional to the DAC input code and 
capacitor C 

• Input voltage must be positive (See section 2.7) 
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DAC0830/DAC0831/DAC0832 


Ordering Information 


Temperature Range 

OXto+TO** 

-40Xto +85X 

-55°CtO +125°C 

Non 

Linearity 

0.05% FSR 

DAC0830LCN 

DAC0830LCM 

DAC0830LCV 

DAC0830LCJ 

DAC0830LJ 

0.1%FSR 

DACQ831LCN 





0.2% FSR 

DAC0832LCN 

DAC0832LCM 

DAC0832LCV 

DAC0832LCJ 

DAC0832LJ 

Package Outline 

N20A— Molded DIP 

M20B Small Outline 

V20A Chip Carrier 

J20A— Ceramic DIP 


3-40 





Na t ion a I 


Semiconductor 


DAC0854 Quad 8-Bit Voltage-Output 

Serial D/A Converter with Readback 


General Description 

The DAC0854 is a complete quad 8*bit voltage-output digi- 
tal-to-analog converter that can operate on a single 5V sup- 
ply. It includes on-chip output amplifiers, internal voltage ref- 
erence, and a serial microprocessor interface. By combining 
in one package the reference, amplifiers, and conversion 
circuitry for four D/A converters, the DAC0854 minimizes 
wiring and parts count and is hence ideally suited for appli- 
cations where cost and board space are of prime concern. 
The DAC0854 also has a data readback function, which can 
be used by the microprocessor to verify that the desired 
input word has been properly latched into the DAC0854’s 
data registers. The data readback function simplifies the de- 
sign and reduces the cost of systems which need to verify 
data integrity. 

The logic comprises a MICROWIRETM-compatible serial in- 
terface and control circuitry. The interface allows the user to 
write to any one of the input registers or to all four at once. 
The latching registers are double-buffered, consisting of 4 
separate input registers and 4 DAC registers. Double buffer- 
ing allows all 4 DAC outputs to be updated simultaneously. 
The four reference inputs allow the user to configure the 
system to have a separate output voltage range for each 
DAC. The output voltage of each DAC can range between 
0.3V and 2.8V and is a function of Vqias. Vref. and the 
input word. 


Features 

■ Single + 5V supply operation 

■ MICROWIRE serial interface allows easy interface to 
many popular microcontrollers including the COPStm 
and HPCTM families of microcontrollers 

■ Data readback capability 

■ Output data can be formatted to read back MSB or 
LSB first 

■ Versatile logic allows selective or global update of the 
DACs 

■ Power fail flag 

■ Output amplifiers can drive 2 kCl load 

■ Synchronous/asynchronous update of the DAC outputs 

Key Specifications 

■ Guaranteed monotonic over temperature 

■ Integral linearity error ± Vz LSB max 

■ Output settling time 2.7 jus max 

■ Analog output voltage range 0.3V to 2.8V 

■ Supply voltage range 4.5V to 5.5V 

■ Clock frequency 10 MHz max 

■ Power dissipation (fcLK = 10 MHz) 95 mW max 

■ On-board reference 2.65V ±2% max 

Appiications 

B Automatic test equipment 
B Industrial process controls 
B Automotive controls and diagnostics 
B instrumentation 


Connection Diagram Ordering information 


^0UT2 " 

1 

20 

“ ^REF2 


2 

19 

"%T1 


3 

18 

“%F1 


4 

17 

-AVcc 

CLK- 

5 

16 

"Vref our 


DAC0854 

DO- 

6 

15 

— ^REF3 

GND- 

7 

14 

” ^0UT3 

INT- 

8 

13 

"" ''bIAS2 

Dl- 

9 

12 

” ''refa 

DVcc- 

10 

f ^ 



Top View 


TL/H/1 1261-1 


Industrial (-40°C < Ta +85“C) 

Package 

DAC0854BIN, DAC0854CIN 

N20A Molded DIP 

DAC0854CIJ 

J20A Ceramic DIP 

DAC0854BIWM, DAC0854CIWM 

M20B Small Outline 

Military (-55“C < Ta < + 125X) 

DAC0854CMJ/883 

J20A Ceramic DIP 
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DAC0854 


Absolute Maximum Ratings (Notes i & 2) 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales J Package (10 sec.) SOO^C 

Office/Distributors for availability and specifications. N Package (10 sec.) 260'*C 

(Note 24) SO Package 

Supply Voltage (AVcc,DVcc) 7V Vapor Phase (60 sec.) 215°C 

Supply Voltage Difference (AVcc-DVcc) ± 5.5V Infrared (15 sec.) (Note?) 220”C 

Voltage at Any Pin (Note 3) GND-0.3Vto Storage Temperature -65»Cto +150“C 

OperaMngRa«ngsiN««,.a 

Package Input Current (Note 4) 20 mA Supply Voltage 4.5V to 5.5V 

PowerDissipation (Note5) 105mW Supply Voltage Difference (AVcc - DVcc) ±IV 

ESD Susceotibilitv (Note 6) 1250V Temperature Range Tmin < Ta < Tmax 

tCDU JDUScepiiDiiiiy UNOie oj i ^ouv DAC0854BIN, DAC0854CIN, 

DAC0854CIJ, DAC0854BIWM, 

DAC0854CIWM -■40‘’C < Ta < 85*C 

DAC0854CMJ/883 -55“C < Ta < 125"C 

Converter Electrical Characteristics 

The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias = 1 -^V, Rl = 2 kft (Rl is the load resistor on 
the analog outputs - pins 1,11,14, and 19) and fcLK = 10 MHz unless otherwise specified. Boldfac# limits apply for 
= Tj from Tmin Tmax- All other limits apply for Ta = 25*C. 

Symbol 

Parameter 

Conditions 

Typical 

(Notes) 

Limit 

(Notes) 

Units 

(Limits) 

STATIC CHARACTERISTICS 

n 

Resolution 

fCLK = 10 MHz 

8 

8 

bits 


Monotonicity 

(Note 10) 

8 

8 

bits 


Integral Linearity Error 

DAC0854BIN, DAC0854BIWM 
DAC0854CIN, DAC0854CIJ, 
DAC0854CIWM, DAC0854CMJ 

(Note 11) 


±0.5 

±1.0 

LSB (max) 

LSB (max) 


Differential Linearity Error 



±1.0 

LSB (max) 


Fullscale Error 

(Note 12) 


±35 

mV 


Fullscale Error T empco 

(Note 13) 

-30 


ppm/"C 


Zero Error 

(Note 14) 


±35 

mV 


Zero Error Tempco 

(Note 13) 

-30 


ppm/“C 


Power Supply Sensitivity 

(Note 15) 

-42 

-34 

dB (max) 

DYNAMIC CHARACTERISTICS 

ts+ : 

Positive Voltage Output 

Settling Time 

(Note 16) 

Cl = 200 pF 

1.5 

2.1 

jms 

ts- 

Negative Voltage Output 

Settling Time 

(Note 16) 

Cl = 200 pF 

1.8 

2.7 

JUS 


Digital Crosstalk 

(Note 17) 

1.8 


Q. 

E 


Digital Feedthrough 

(Note 18) 

8.5 


mVp.p 


Clock Feedthrough 

(Note 19) 

3.3 


mVp.p 


Channel-to-Channel Isolation 

(Note 20) 

-78 


dB 


Glitch Energy 

(Note 21) 

7 




Peak Value of Largest Glitch 


38 



PSRR 

Power Supply Rejection Ratio 

(Note 22) 

-49 


dB 
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Converter Electrical Characteristics (continued) 

The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias == -^V, Rl = 2 kfl (Rl is the load resistor on 
the analog outputs - pins 1,11,14, and 19) and fcLK = 10 MHz unless otherwise specified. Boldface limits apply for Ta 
= Tj from Tmiii to Tmax- All other limits apply for Ta = 25"C. 

Symbol 

Parameter 

Conditions 

Typical 

Limit 

Units 




(Note 3) 

(Note 4) 

(Limits) 

DIGITAL AND DC ELECTRICAL CHARACTERISTICS 

V|N(1) 

Logical “1 ” Input Voltage 

AVcc = DVcc = 5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

AVcc = DVcc = 4.5V 


0.8 

V (max) 

l|L 

Digital Input Leakage Current 


1 

5 

jaA (max) 

C|N 

Input Capacitance 


4 


PF 

Gout 

Output Capacitance 


5 


PF 

VoUTd) 

Logical “1 ” Output Voltage 

•source = 0-8 niA 


2.4 

V (min) 

VoUT(O) 

Logical “0” Output Voltage 

•sink = 3.2 mA 


0.4 

V (max) 

Vint 

Interrupt Pin Output Voltage 

10 kft Pullup 


0.4 

V (max) 

Is 

Supply Current 

Outputs Unloaded 

14 

19 

mA 

REFERENCE INPUT CHARACTERISTICS 

Vref 

Input Voltage Range 


0-2.75 


V 

Rref 

Input Resistance 


7 

4 

kft (min) 





10 

kn (max) 

Gref 

Input Capacitance 

Full-Scale Data Input 

40 


pF 

Vbias INPUT CHARACTERISTICS 

Vbias 

Vbias input Voltage Range 


0 

03 

1 

4i. 


V 


Input Leakage 


1 


jiiA 

Gbias 

Input Capacitance 


9 


pF 

BANDGAP REFERENCE CHARACTERISTICS (Cl = 220|aF) 

VrefOUT 

Output Voltage 



2.65 ± 2% 

V 

AVref/AT 

Tempco 

(Note 23) 

22 


ppm/“C 


Line Regulation 

4.5V < Vcc < 5.5V, II = 4 mA 

2 

5 

mV 

AVref/AIl 

Load Regulation 

0 < II < 4 mA 

2 

6 

mV 



0 < II < 4 mA; CMJ Suffix 

2 

15 

mV 



-1 < II < 0 mA 

2.5 


mV 

isc 

Short Circuit Current 

VrefOUT = OV 

12 


mA 

AC ELECTRICAL CHARACTERISTICS 





10 

ns (min) 

HI9IIIIIH 




0 

ns (min) 

tcs 

Control Setup Time 



15 

ns (min) 

ICH 

Control Hold Time 



0 

ns (min) 

tMIN 

Clock Frequency 



10 

MHz (max) 

tH 

Minimum Clock High Time 



20 

ns (min) 

tL 

Minimum Clock Low Time 



40 

ns (min) 
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Converter Electrical Characteristics (Continued) 


The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias = 1 -^V, Rl = 2 kft (Rl is the load resistor on 
the analog outputs - pins 1, 11, 14, and 19) and fcLK =10 MHz unless otherwise specified. Boldface limits apply for 
= Tj from Tmiii to Tmax- All other limits apply for Ta = 25®C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 3) 

Limit 
(Note 4) 

Units 

(Limits) 

AC ELECTRICAL CHARACTERISTICS (Continued) 

tczi 

Output Hi-Z to Valid 1 



37 

ns (max) 

tczo 

Output Hi-Z to Valid 0 



42 

ns (max) 

tiH 

^ to Output Hi-Z 

1 0 ka with 60 pF 


130 

ns (max) 

tOH 

CS to Output Hi-Z 

lOka with 60 pF 


117 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Converter Electrical 
Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not 
operated under the listed test conditions. 

Note 2: All voltages are measured with respect to ground, unless otherwise specified. 

Note 3: When the input voltage (Vim) at any pin exceeds the power supply rails (V|n < GND or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. 

Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), ©ja 
(package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is 
Pomax = (Tjmax “ Ta)/0ja or the number given in the Absoiute Maximum Ratings, whichever is lower. The table below details Tjmax and 0ja for the various 
packages and versions of the DAC0854. 


Part Number 

Tjmax (“D) 

0ja(“C/W) 

DAC0854BIN, DAC0854CIN 

125 

46 

DAC0854BIJ, DAC0854CIJ 

125 

53 

DAC0854BIWM, DAC0854CIWM 

125 

64 

DAC0854CMJ/883 

150 

53 


Note 6: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Production Reliability” of the section titled “Surface Mount” found in any current Linear 
Databook for other methods of soldering surface mount devices. 

Note 8: Typicals are at Tj = 25*’C and represent most likely parametric norm. 

Note 9: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: A monotonicity of 8 bits for the DAC0854 means that the output voltage changes in the same direction (or remains constant) for each increase in the input 
code. 

Note 1 1: Integral linearity error is the maximum deviation of the output from the line drawn between zero and full-scale (excluding the effects of zero error and full- 
scale error). 

Note 12: Full-scale error is measured as the deviation from the ideal 2.800V full-scale output when Vref = 2.650V and Vbias = 1.400V. 

Note 13: Full-scale error tempco and zero error tempco are defined by the following equation: 


Error tempco = 


Error (T max) ~ Error (Tmin) 
VsPAN 


106 

lTmax-Tmin- 


where Error (T^ax) is the zero error or full-scale error at Tmax (in volts), and Error (Tmin) is the zero error or full-scale error at Tmin (in volts); Vspan is the output 
voltage span of the DAC0854, which depends on Vbias snd Vref- 

Note 14: Zero error is measured as the deviation from the ideal 0.310V output when Vref = 2.650V, Vbias == 1.400V, and the digital input word is all zeros. 
Note 15: Power Supply Sensitivity is the maximum change in the offset error or the full-scale error when the power supply differs from its optimum 5V by up to 
0.25V (5%). The load resistor Rl = 5 ka. 

Note 16: Positive or negative settling time is defined as the time taken ^ the output of the DAC to settle to its final full-scale or zero output to within ±0.5 LSB. 
This time shall be referenced to the 50% point of the positive edge of CS, which Initiates the update of the analog outputs. 

Note 17: Digital crosstalk is the glitch measured on the output of one DAC while applying an all Os to all Is transition at the input of the other DACs. 

Note 18: All DACs have full-scale outputs latched and Dl is clocked with no update of the DAC outputs. The glitch Is then measured on the DAC outputs. 

Note 19: Clock feedthrough is measured for each DAC with its output at full-scale. The serial clock is then applied to the DAC at a frequency of 10 MHz and the 
glitch on each DAC full-scale output is measured. 

Note 20: Channel-to-channel isolation is a measure of the effect of a change in one DAC’s output on the output of another DAC. The Vref of the first DAC is varied 
between 1 .4V and 2.65V at a frequency of 1 5 kHz while the change in full-scale output of the second DAC is measured. The first DAC is loaded with all Os. 


Note 21: Glitch energy is the difference between the positive and negative glitch areas at the output of the DAC when a 1 LSB digital input code change is applied 
to the input. The glitch energy wili have its largest value at one of the three major transitions. The peak value of the maximum glitch is separately specified. 
Note 22: Power Supply Rejection Ratio is measured by varying AVcc = DVcc between 4.75V and 5.25V with a frequency of 10 kHz and measuring the proportion 
of this signal imposed on a full-scale output of the DAC under consideration. 


Note 23: The bandgap reference tempco is defined by the following equation: 


Tempco = 


Vref (Tmax) ~ Vref (Tmin) 
Vref(Troom) 


106 


Tmax ” TminJ 


where Trqom = 25‘’C, Vref (Tmax) is the reference output at Tmax. and similarly for Vref (Tmin) and Vref (Troom)- 
Note 24: A Military RETS specification is available upon request. 
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TRI-STATE Test Circuits and Waveforms 




n 

DO 

U 



__ ‘"’CC 

cs 

GND 



Timing Waveforms 

Data Input Timing 



□CZf 


Data Output Timing 


Timing Diagrams 




10 |11| l12| 1131 1141 115 


Instruction Byte 



Settled to 1/2 LSB - 


FIGURE 1. Write to One DAC with Update of Output (SO = 1) 
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Timing Diagrams (Continued) 


cs 


nJ^J^TJ^T-FLIT 

1 


r 


m 




DATA BITS* 



Instruction Byte 

* DACs are written to LSB first. 

DAC1 is written to first, then DACs 2, 3, and 4. 

FIGURE 2. Write to All DACs with Update of Outputs (AU = 1) 


CLK 1 2 3 4 5 6 7 


TL/H/11261-12 


CS 


“L 


r 


B 



m 

1 




Instruction Byte ► 



DO 


TRISTATE 


LSB 

□ 

□ 

□ 

□ 

□ 


MSB 


TL/H/11261-13 


CLK 


FIGURE 3. Read One DAC, DO Changes on Falling Edge, DO LSB First (AU = 1) 

“1 ' ' r — 


A 


n 



-Instruction Byte- 


TRISTATE 


DATA BITS* . TRISTATE 


TL/H/11261-14 


*DAC1 is read first, then DACs 2, 3, and 4. 

FIGURE 4. Read All DACs, DO LSB First, DO Changes on Falling Edge (AU = 1) 
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DAC0854 


Block Diagram 


DVcc AV^c gND 


INPUT 

1 J 

1 

HArorr i 

REG 1 

1 

UAUKcu 1 


microwire'^^ 

AND 

LOGIC 



1 18 I 20 1 15 I 12 

^REFI %F2 ^REF3 ’''rEF4 


Pin Description 


V0UTi(19) 

V0UT2(1) 

VOUTOCI^) 

V0UT4(11) 

VrefOUT(16) 


VbIASi(2) 

VbiAS2(13) 


DVcc(IO) 

AVcc(17) 


The voltage output connections of the 
four DACS. These provide output 
voltages In the range 0.3V-2.8V. 

The Internal voltage reference output. 
The output of the reference is 2.65V 
±2%. This pin should be bypassed with 
a 220 juiF capacitor. 

Vbiasi is connected to the non-inverting 
inputs of output amplifiers 1 and 2, 
thereby setting the virtual ground 
voltage for DAC’s 1 and 2, while VbiaS2 
performs this function for DAC’s 3 and 4. 
The allowed range is 0.3V -1 .4V. 

The system ground pin. Connect to 
cieari ground point. 

The digital and analog power supply 
pins. The power supply range of the 
DAC0854 is 4.5V - 5.5V. To guarantee 
accuracy, it is required that the AVcc 
and DVcc pins be bypassed separately 
with bypass capacitors of 10 /tF 
tantalum in parallel with 0.1 ju,F ceramic. 


VrefiCIQ) 

Vref2(20) 

VreF3(15) 

VrEF4('I2) 

CS(3) 


When this pin is taken low, all DAC outputs 
will be asynchronously updated. CS must be 
held high during the update. 

The voltage reference inputs for the four 
DACs. The allowed range is OV- 2.75V. 


The Chip Select control input. This input is 
active low. 

The external clock input pin. 

The serial data Input. The data is clocked In 
LSB first. Preceding the data byte are 4 or 6 
bits of instructions. 

The serial data output. The data can be 
clocked out either MSB or LSB first, and on 
either the positive or negative edge of the 
clock. 

The power interrupt output. On an 
interruption of the power supply, this pin 
goes low. Since this pin has an open drain 
output, a 1 0 kn pull-up resistor must be 
connected to the supply. 
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Applications Information 

FUNCTIONAL DESCRIPTION 

The DAC0854 is a monolithic quad 8-bit digital-to-analog 
converter that is designed to operate on a single 5V supply. 
Each of the four units is comprised of an input register, a 
DAC register, a shift register, a current output DAC, and an 
output amplifier. In addition, the DAC0854 has an onboard 
bandgap reference and a logic unit which controls the inter- 
nal operation of the DAC0854 and interfaces it to micro- 
processors. 

Each of the four internal 8-bit DACs uses a modified R-2R 
ladder to effect the digital-to-analog conversion (Figure 5). 
The resistances corresponding to the 2 most significant bits 
are segmented to reduce glitch energy and to improve 
matching. The bottom of the ladder has been modified so 
that the voltage across the LSB resistor is much larger than 
the input offset voltage of the buffer amplifier. The input 
digital code determines the state of the switches in the lad- 
der network. The sum of currents louTi and louT2 's fixed 
and is given by 


I 0 UTI + I 0 UT 2 = 


/ VrEF ~ VbIAs \ 255 
V R / 256 


The current output louT2 is applied to the internal output 
amplifier and converted to a voltage. The output voltage of 
each DAC is a function of Vbias. Vref. and the digital input 
word, and is given by 

DATA 511 255 

VouT = 2 (Vref-Vbias)-^^^ + — Vbias-:^^ Vref 


The output voltage range for each DAC is 0.3V--2.8V. This 
range can be achieved by using the internal 2.65V reference 
and a voltage divider network which provides a Vbias 0^ 
1 .40V (Figure 6). In this case the DAC transfer function is 


VouT = 2.5 


(DATA) 

256 


+ 0.310 


The output impedance of any external reference that is 
used will affect the accuracy of the conversion. In order that 
this error be less than 1/2 LSB, the output impedance of the 
external reference must be less than 7.8n. 




TL/H/11261-17 

FIGURE 6. Generating a Vbias = 1.40V from the Internal Reference 
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Digital Interface 

The DAC0854 has two interface modes: a WRITE mode 
and a READ mode. The WRITE mode is used to convert an 
8-bit digital input word into a voltage. The READ mode Is 
used to read back the digital data that was sent to one or all 
of the DACs. These modes are selected by the appropriate 
setting of the RD/WR bit, which Is part of the instruction 
byte. The Instruction byte precedes the data byte at the Dl 
pin. In both modes, a high level on the Start Bit (SB) alerts 
the DAC to respond to the remainder of the input stream. 


Table I lists the Instruction set for the WRITE mode when 
writing to only a single DAC, and Table II lists the instruction 
set for a global write. The DACs are always written to LSB 
first. All DACs will be written to if the global bit (G) Is high; 
DAC 1 is written to first, then DACs 2, 3 and 4 (in that order). 
If the update bit is high, then the DAC output will be updated 
on the rising edge of CS; otherwise, the new data byte will 
be placed only in the Input register. Chip Select (CS) must 
remain low for at least one clock cycle after the last data bit 
has been entered. (See Figures 1 and 2) 


TABLE I. WRITE Mode Instruction Set (Writing to a Singie DAC) 


SB 

RD/WR 

G 

u 

A1 

AO 

Description 

Bit#1 

Bit #2 

Bit #3 

Bit #4 

Bit #5 

Bit #6 

j 

0 

0 

0 

0 

0 

Write DAC 1 , no update of DAC outputs 

1 

0 

0 

0 

0 

1 

Write DAC 2, no update of DAC outputs 

1 

0 

0 

0 

1 

0 

Write DAC 3, no update of DAC outputs 

1 

0 

0 

0 

1 

mi 

Write DAC 4, no update of DAC outputs 

1 

0 

0 

1 

0 

0 

Write DAC 1 , update DAC 1 on CS rising edge 

1 

0 

0 

1 

0 

1 

Write DAC 2, update DAC 2 on CS rising edge 

1 

0 

0 

1 

1 

0 

Write DAC 3, update DAC 3 on CS rising edge 

1 

0 

0 

1 

1 

1 

Write DAC 4, update DAC 4 on US rising edge 


TABLE li. WRITE Mode Instruction Set (Writing to all DACs) 


SB 

rd/Wr 

G 

U 

Description 

Bit # 1 

Bit #2 

Bit #3 

Bit #4 

1 

0 


0 

Write all DACs, no update of outputs 

1 

0 

1 

1 

Write ail DACs, update all outputs on CS rising edge 
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Table III lists the instruction set for the READ mode. By the 
appropriate setting of the global (G) and address (A1 and 
AO) bits, one can select a specific DAC to be read, or one 
can read all the DACs In succession, starting with DAC 1. 
The R/F bit determines whether the data changes on the 
rising or the falling edge of the system clock. With the R/F 
bit high, the data changes on the rising edge that occurs 1 
clock cycles after the end of the Instruction byte. With the 
R/F bit low, the data changes on the falling edge that oc- 


curs 1 clock cycle after the end of the instruction byte. One 
can choose to read the data back MSB first or LSB first by 
setting the M/L bit. (See Figures 3 and 4) 

An asynchronous update of all the DAC outputs can be 
achieved by taking AU low. The contents of the input regis- 
ters are loaded Into the DAC registers, with the update oc- 
curring on the falling edge of AU. CS must be held high 
during an asynchronous update. 

All DAC registers will have their contents reset to all zeros 
on power up. 





TABLE iii. READ MODE instruction Set 

SB 

RD/WR 

G 

R/F 

M/L 

A1 

AO 

Description 

Bit#1 

Bit #2 

Bit #3 





1 

1 

0 

0 

0 

0 

0 

Read DAC 1 , LSB first, data changes on the falling edge 

1 

1 

0 

0 

0 

0 

1 

Read DAC 2, LSB first, data changes on the falling edge 

1 

1 

0 

0 

0 

1 

0 

Read DAC 3, LSB first, data changes on the falling edge 

1 

1 

0 

0 

0 

1 

1 

Read DAC 4, LSB first, data changes on the falling edge 

1 

1 

0 

0 

1 

0 

0 

Read DAC 1 , MSB first, data changes on the falling edge 

1 

1 

0 

0 

1 

0 

1 

Read DAC 2, MSB first, data changes on the falling edge 

1 

1 

0 

0 

1 

1 

0 

Read DAC 3, MSB first, data changes on the falling edge 

1 

1 

0 

0 

1 

1 

1 

Read DAC 4, MSB first, data changes on the falling edge 

1 

1 

0 

1 

0 

0 

0 

Read DAC 1 , LSB first, data changes on the rising edge 

1 

1 

0 

1 

0 

0 

1 

Read DAC 2, LSB first, data changes on the rising edge 

1 

1 

0 

1 

0 

1 

0 

Read DAC 3, LSB first, data changes on the rising edge 

1 

1 

0 

1 

0 

1 

1 

Read DAC 4, LSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

0 

0 


1 

1 

0 

1 

1 

0 

1 

Read DAC 2, MSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

1 

0 

Read DAC 3, MSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

1 

1 

Read DAC 4, MSB first, data changes on the rising edge 

1 

1 

1 

0 

0 

1 

0 

Read all DACs, LSB first, data changes on the falling edge 

1 

1 

1 

0 

1 

1 

0 

Read all DACs, MSB first, data changes on the falling edge 

1 

1 

1 

1 

0 

1 

0 

Read all DACs, LSB first, data changes on the rising edge 

1 

1 

1 

1 

1 

1 

0 

Read all DACs, MSB first, data changes on the rising edge 

Power Fail Function 

If a power failure occurs on the system using the DAC0854 
then the INT pin will be pulled low on the next power-up 
cycle. To force this output high again and reset this flag, the 
^ pin will have to be brought low. When this is done the 
INT output will be pulled high again via an external 10 kn 
pull-up resistor. This feature may be used by the microproc- 
essor to discard data whose integrity is in question. 


Power Supplies 

The DAC0854 Is designed to operate from a + 5V (nominal) 
supply. There are two supply pins, AVcc and DVcc- These 
pins allow separate external bypass capacitors for the ana- 
log and digital portions of the circuit. To guarantee accurate 
conversions, the two supply pins should each be bypassed 
with a 0.1 jaF ceramic capacitor in parallel with a 10 ju,F 
tantalum capacitor. 
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Typical Applications 
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TL/H/11261-18 

FIGURE 7. Trimming the Offset of a 5V Op Amp Biased at Mid Suppiy 




TL/H/11261-20 

FIGURE 9. Bringing the Output Range Down to Ground 
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Semiconductor 


DAC0890 

Dual S-bil: jLiP-Compatobiis Olgai^ai-to-Aiialog Converter 


General Description 

The DAC0890 is a complete dual 8-bit voltage output digital- 
to-analog converter that can operate on a single 5V supply. 
It includes on-chip output amplifiers, precision bandgap volt- 
age reference, and full microprocessor interface. 

Each DAC0890 output amplifier has two externally select- 
able output ranges, OV to 2.55V and OV to 1 0.2V. The ampli- 
fiers are internally trimmed for offset and full-scale accuracy 
and therefore require no external user trims. 

The DACp890 is supplied in 20-pin ceramic DIP package. 

Features 

m Two 8-bit voltage output DACs 
Q 4.75V to 16.5V single operation 


□ Guaranteed monotonic over temperature 

□ Internal precision bandgap reference 

□ Two calibrated output ranges; 2.55V and 10.2V 

□ 2 jLts settling time for full-scale output change 

□ No external trims 

□ Microprocessor interface 

Applications 

□ Industrial processing controls 

□ Automotive controls 

□ Disk drive motor controls 

□ Automatic test equipment 
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Ordering Information 


Industrial (-40'’C ^ Ta ^ +85°C) 

Package 

DAC0890CIJ 

J20A Cerdip 


Connection Diagram 


Dual-ln-Line Package 




"XT" 



(LSB) DBO- 

1 

20 

-V+ 

DB1- 

2 


19 

-SENSEI 

DB2- 

3 


18 

""%T1 

DBS- 

4 


17 

-SELECT 1 

DB4- 

5 

DAC0890 

16 

-AGND 

DB5~ 

6 


15 

-SELECT 2 

DB6- 

7 


14 

”VouT2 

(MSB) DB7- 

8 


13 

-SENSE 2 

WR- 

9 


12 

-DGND 

csi- 

10 


11 



TL/H/10592-2 

Top View 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Positive Supply Voltage (V + ) 20V 

Voltage at Any Pin (Note 3) GND - 0.3 to V + + 0.3V 

Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 4) 20 mA 

Power Dissipation (Note 5) 1 .OW 

ESD Susceptability (Note 6) 2000V 

Output Short-Circuit Protection 

Duration Indefinite 


Soldering Information 
J package (10 sec.) 
Storage Temperature 
Junction Temperature 


300“C 

-es^ctoiso^c 

(Note 5) 


Operating Ratings (Notes i & 2 ) 

Temperature Range 
Tmin ^ Ta Tmax 

DAC0890CIJ -40“C ^ Ta +85‘’C 

Positive Supply Voltage, V + 4.75 to 1 6.5V 


Electrical Characteristics The following specifications apply for V+ = +5VandV+ = +15V 
DGND = OV, unless otherwise specified. Boldface limits apply for Ta = Tj = Tmin Tmax; all other limits Ta 


Symbol 

Parameter 


Resolution 


Monotonicity 


Integral Linearity Error 


Fullscale Error 


Conditions 


Zero Error 


Full Scale DAC-to-DAC 
Tracking (Note 9) 



Power Supply Rejection 

Ratio 

(Note 16) 


Supply Current 


Data Logic Low Threshold 


f < 30 Hz 

10.2V range 

13.5V ^V+ ^ 16.5V 

2.55V range 
13.5V ^ V+ ^ 16.5V 
4.75V ^ V+ ^ 5.25V 
4.75V ^ V+ ^ 16.5V 


All Inputs Low 
V+ = 16.5 
V+ = 4.75 


Typical 
(Note 7) 


ViHD 

Data Logic High Threshold 

V|LC 

Control Logic Low 

Threshold 



Limit 
(Note 8) 

8 




Analog Crosstalk 
(Note 10) 

— 

V+ = 15V, 10.2 V range 

V+ = 5V, 2.55V range 

-74 

-66 


Glitch Energy 
(Note 11) 


45 



and AGND = 
= Tj = 25‘‘C. 


Bits(min) 


8 


Bit(min) 

±0.5 

LSB(min) 

±1.5/ ±2.5 

LSB(max) 

±1.0/ ±2.0 

LSB(max) 



ppm/% (max) 


ppm/% (max) 
ppm/% (max) 
ppm/% 
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Electrical Characteristics (Continued) 


The following specifications apply for V+ = +5V and V+ = +15V and AGND = DGND = OV, unless othenA/ise specified. 
Boldface limits appiy for Ta = Tj = Tmin to TmaXj' o^her limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

VlHC 

Control Logic High 
Threshold 



2.2 

V (min) 


Digital Input Current 

(Note 17) 

2.2 

25 

/xA (max) 

tWR 

Write Time 


18 

40 

ns (min) 

tos 

Data Setup Time 


18 

35 

ns (min) 

tOH 

Data Hold Time 


3 


ns (max) 

tcs 

Control Setup Time 


18 

40 

ns (min) 

tCH 

Control Hold Time 



0 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: All voltages are measured with respect to AGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < AGND or V|n > V+) the absolute value of current at that pin should be 
limited to 5 mA or less. 

Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax. ^ja and the ambient temperature, T^. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. The 
Tjmax(°C) and ejACC/W) for the DAC0890CIJ are 125°C and SS^C/W, respectively. 


Part Number 

TjmaxCC) 

^jaCC/W) 

DAC0890CIJ 

125 

53 


Note 6: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 7: Typicals are at 25'C, unless otherwise specified, and represent the most likely parametric norm. 

Note 8: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 9: Full Scale DAC-to-DAC Tracking is defined as the change in the voltage difference between the full scale output levels of DAC1 and DAC2. The result is 
expressed in LSBs and it referred to the full-scale voltage difference at 25*0. 

Note 10: Analog Crosstalk is a measure of the change in one DAC’s full scale output voltage as the second DAC’s output voltage changes value. It is measured as 
the voltage change in one DAC’s full scale output voltage divided by the voltage range through which the second DAC’s output hais changed (zero to full scale). 
This ratio is then expressed in dB. 

Note 11: Glitch Energy is a worst case measurement, over the entire input code range, of transients that occur when changing code. The positive and negative 
areas of the transient waveforms are summed together to obtain the value listed. 

Note 12: Digital Feedthrough is measured with both DAC outputs latched at full scale and a 2 ns, 5V step applied to all 8 data inputs. This gives the worst case 
digital feedthrough for the DAC0890. 

Note 13: Settling Time is specified for a positive full scale step to IVa LSB. Settling time for negative steps will be slower but may be improved with an external 
pull-down resistor. Negative settling time to tVa LSB can be calculated for each range where ts = 6.23 (Clqad) (Rload/IO kft) for the high range and ts =6.23 
(Cload) (Rload/2.5 kft) for the low range. 

Note 14: Output Current Drive Capability is the minimum current that can be sourced by the output amplifiers with less than y 2 LSB reduction in full scale. Current 
sinking capability is provided by a passive internal resistance of 10 kft in the high range and 2.5 kft in the low range. 

Note 15: Output Short Circuit Current is measured with the output at full-scale and shorted to AGND. 

Note 16: Power Supply Rejection Ratio is a measure of how much the output voltage changes (in parts-per-million) per change (in percent) in the power supply 
voltage. 

Note 17: Digital Input Current is measured with OV and V+ input levels. The limit specified is the higher of these two measurements. 
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Typical Performance Characteristics 


Supply Current 



-55 -15 25 85 125 


Temperature (®C) 


Short Circuit Current 



-55 -15 25 85 125 

Temperature (®C) 


Digital Input Current 



-55 -15 25 85 125 


Temperature (^) 


Minimum Supply Voltage 
vs Temperature 



-55 -15 25 85 125 

Temperature (®C) 


Minimum Suppiy Voltage 
vs Temperature 
(2.55V Range) 



Temperature (®C) 


Max Power Dissipation 
vs Temperature 



0 40 80 120 160 

Temperature (^) 


Power Supply Rejection 



Frequency (Hz) 


TL/H/10592-4 
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Connection Diagram 


Dual-ln-Line Package 


(LSB) DBO- 1 
DB1- 2 
DB2- 3 
DB3- 4 
DB4- 5 
DBS- 6 
DB6- 7 
(MSB) DB7- 8 
WR- 9 


1 

— 

20 

2 

19 

3 

18 

4 

17 

5 

16 

DAC0890 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


151-SELECT 2 

'*h''0UT2 


Pin Description 

DB0-DB7 (1 -8) These pins are data inputs for each of the 
internal 8-bit DACs. DBO is the least-sig- 
nificant-bit. 

WR(9) This is the WRITE command input pin. 

This input is used in conjunction with CS1 
and CS2 to write data into either of the 
internal DACs. The data is latched into a 
selected DA C wit h the rising ed ge of ei- 
ther WR or CS1 for DAC1 or CS2 for 
DAC2, whichever occurs first. 

CS1 (10) This is the input pin used to select DAC1 . 

This input is used in conjunction with the 
WR input to write data into either of the 
internal DACs. The data is latched into 
DAC1 with the rising edge of either CS1 or 
WR, whichever occurs first. 

CS2 (11) This is the Input pin used to select DAC2. 

This input is used in conjunction with the 
WR input to write data into either of the 
internal DACs. The data is latch ed in to 
DAC2 with the rising edge of either CS2 or 
WR, whichever occurs first. 

DGND (1 2) The system digital ground Is connected to 
this pin. For proper operation, this and 
AGND must be connected together. 

SENSE 2 (13) DAC2’s output sense connection. When 
this pin is connected to the VOUT2’s load 
impedance, the feedback loop will com- 
pensate for any voltage drops between 
the VOUT2 pin and the load. 


CS2 (11) 


DGND (12) 


SENSE 2 (13) 


VoUT2 (14) 


SELECT 2 (15) 


AGND (16) 


SELECT 1 (17) 


VoUT1 (18) 


SENSEI (19) 


V+ (20) 


DAC2’s voltage output connection. It pro- 
vides two full-scale output voltage ranges, 
2.55V and 10.2V. 

The two output voltage ranges available 
from DAC2 are selected by connecting 
this pin to SENSE2 for the 2.55V full-scale 
range and leaving it unconnected for the 
10.2V full-scale range. 

The system digital ground is connected to 
this pin. For proper operation, this and 
DGND must be connected together. 

The two output voltage ranges available 
from DAC1 are selected by connecting 
this pin to SENSEI for he 2.55V full-scale 
range and leaving it unconnected for the 
1 0.2V full-scale range. 

DAC1 ’s voltage output connection. It pro- 
vides two full-scale output voltage ranges, 
2.55V and 10.2V. 

DACI’s output sense connection. When 
this pin is connected to the VOUTI’s load 
impedance, the feedback loop will com- 
pensate for any voltage drops between 
the VOUT1 pin and the load. 

The power supply voltage, ranging from 
4.75V to 16.5V, is applied to this pin. It 
should be bypassed, to AGND, with a 0.01 
~ 0.1 /xF ceramic capacitor in parallel 
with a 2.2 ~ 22 jaF electrolytic capacitor. 


3-59 


DAC0890 





DAC0890 


Functional Description 

The DAC0890 is a monolithic dual 8-bit bipolar Digital-to-An- 
alog converter comprising six major functional blocks de- 
signed to operate on a single supply as low as 5V (±5%). 
These include two latch/DAC combinations, two high-speed 
output amplifiers, band-gap reference, and control/interface 
logic. 

The two internal 8-bit DACs use equal valued current sourc- 
es. Controlled by a corresponding bit in the input data, each 
current source’s output is switched into either an R/2R lad- 
der or AGND. Each internal DAC has an 8-bit latch to store 
a digital input. See Figure 1. 

The high-speed output amplifiers operate in the non-invert- 
ing mode. The R-2R’s output current is applied to the output 
amplifier and converted to a voltage. The amplifier’s gain is 


externally set through the range select pin. The two ranges 
are OV to 2.55V and OV to 10.2V. The Internal resistors that 
set the gain are matched to the unit resistor of the R/2R 
ladder. This ensures that these resistors match over pro- 
cess variations and temperature. This greatly reduces gain 
variations that would exist if external gain setting resistors 
were used. 

An Internal band-gap reference and its control amplifier gen- 
erate a full scale reference voltage for the DACs. It produc- 
es a 1 .2V output from a single supply. 

The DAC0890 provides a TTL and CMOS-compatible con- 
trol interface and allows writing and latching digital values to 
each of the internal DACs. 
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Applications Information 

Full-Scale Output Voltage Range Selection 

The DAC0890 has been designed for ease of use. All refer- 
ence voltage and output amplifier connections are internal. 
All trims such as full-scale (gain) and zero (offset) are per- 
formed during manufacturing. Therefore, no external trim- 
ming is required to achieve the specified accuracy. The only 
external connections required select the desired full-scale 
output voltage range. 

The two full-scale output voltage ranges are selected by 
connecting SENSE, SELECT and VOUT as shown in Figure 
2a, b. The 2.55V range can be used with supply voltages as 
low as 4.75V. The 1 0.2V range can be selected with sup- 
plies as low as 1 2.0V. 



FIGURE 2a. OV to 2.55V Output Voltage Range 



TL/H/10592-9 

FIGURE 2b. OV to 10.2V Output Voltage Range 

Power Suppiy Voitage 

The DAC0890 is designed to operate on a single power 
supply voltages + 4.75V and + 16.5V. For 2.55V full-scale 
operation the power supply voltage can be as low as 
+ 4.75V. When the 10.2V full-scale is used the supply volt- 
age needs to be between + 12V to + 16.5V. 


Grounding and Power Supply 
Bypassing 

Proper grounding is essential to extract all the precision and 
full rated performance that the DAC0890 is capable of deliv- 
ering. Typical applications for the DAC0890 include opera- 
tion with a microprocessor. In this environment digital noise 
Is prevalent and anticipated. Therefore, special care must 
be taken to ensure that proper operation will be achieved. 
The DAC0890 uses two ground pins, AGND and DGND, to 
minimize ground drops and noise in the analog signal paths. 
Figure 3 details the proper bypassing and ground connec- 
tions. 

The DAC0890’s best performance can be ensured by con- 
necting 0.01 jLiF to 0.1 juF ceramic capacitor in parallel with 
an electrolytic of 2.2 j^F to 22 fxf between the V+ pin and 
AGND. 


Sense Inputs 

The SENSE inputs (pins 13 and 19) allow compensation for 
voltage drops in long output lines to remote loads. This 
places the drops in the internal amplifier’s feedback loop. 
An example of this is shown in Figure 3. The l-R drop, which 
might be caused by printed circuit board traces or long ca- 
bles, between the VOUT2 and the load impedance Rl is 
placed Inside the feedback loop if SENSEI Is connected 
directly to the load. This forces the voltage at the load to be 
the correct value. It is important to remember that the volt- 
age at the DAC0890’s VOUT pins may become higher than 
the full-scale output voltage selected using the SELECT 
pins. Therefore, the power supply voltage applied to V+ 
must be ^2.2V above the resulting output voltage (at pins 
14 and 18) when the SENSE inputs are used.. 

The SENSE inputs have a finite input impedance. The 
range-setting resistors load the output with 2.5 kft when the 
OV to 2.55V range Is selected and 10 kH when the OV to 
1 0.2V range is selected. 



FIGURE 3. Typical Connection Showing Power Supply 
Bypassing, and the Use of SENSE Inputs 
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Minimizing Settiing Time 

The DAC0890’s output stage uses a passive pull-down re- 
sistor to achieve single supply operation and an output volt- 
age range that includes ground. This results in a negative- 
going settiing time that is longer than the settling time or 
positive-going signals. The actual settling time is dependant 
on the load resistance and capacitance. If available, a nega- 
tive power supply can be used to improve the negative set- 
tling time by connecting a puli down resistor between the 
output and the negative supply. The resistor’s value is cho- 
sen so that the current through the puli down resistor is not 
greater than 0.5 mA when the output voltage Is OV. See 
Figure 4. 



TL/H/10592-11 

FIGURE 4. Improving Negative Slew Rate 

Bipolar Operation 

While the DAC0890 was designed to operate on a single 
positive supply voltage and generate a unipolar output volt- 
age, bipolar operation is still possible if a negative supply is 
available or added. As shown In Figure 5, the output voltage 


is offset and scaled to achieve a -1.27V to + 1.28V output 
range with the addition of a -5V supply. The required offset 
Is generated with an LM385-1.2V reference. The external 
output amplification is provided by the LMC660. The output 
voltage is generated with a complementary binary offset In- 
put code. 

Microprocessor Interface 

When Interfacing with a microprocessor, the DAC0890 ap- 
pears as a two byte write-only memory location for memory 
mapped and I/O mapped input-output. Each of the Internal 
DACs Is chosen through one of the two chips selects, CS1 
or CS2. The action of the control signals is detailed In Table 
I. The data is latched on the rising edge of either Chip Se- 
lect or WR, whichever occurs first for a given s electe d DAC. 
For Interfacing ease, WR can be tied low and CS1 or CS2 
can be used to latch the data. Both DAC s can be updated 
simultaneously by pulling both CS1 and CS2 low. Further 
vers atility is provided by the ability of WR and CS1 and/or 
CS2 to be tied together. 


TABLE I. DAC0890 Control Logic Truth Table 


input 

Data 

WR 

cs 

DAC Data 

Latch 

Condition 

0 

0 

0 

0 

“transparent” 

1 

0 

0 

1 

“transparent” 

0 

t 

0 

0 

latching 

1 

t 

0 

1 

latching 

0 

0 

T 

0 

latching 

1 

0 

T 

1 

latching 

X 

1 

X 

previous data 

latching 

X 

X 

1 

previous data 

latching 

X 

1 

1 

previous data 

latching 
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National Semiconductor 


DAC1006/DAC1007/DAC1008 fxP Compatible, 
Double-Buffered D to A Converters 


General Description 

The DAC1 006/7/8 are advanced CMOS/Si-Cr 10-, 9- and 
8-bit accurate multiplying DACs which are designed to inter- 
face directly with the 8080, 8048, 8085, Z-80 and other pop- 
ular microprocessors. These DACs appear as a memory lo- 
cation or an I/O port to the jaP and no interfacing logic is 
needed. 

These devices, combined with an external amplifier and 
voltage reference, can be used as standard D/A converters; 
and they are very attractive for multiplying applications 
(such as digitally controlled gain blocks) since their linearity 
error is essentially independent of the voltage reference. 
They become equally attractive in audio signal processing 
equipment as audio gain controls or as programmable at- 
tenuators which marry high quality audio signal processing 
to digitally based systems under microprocessor control. 

All of these DACs are double buffered. They can load all 10 
bits or two 8-blt bytes and the data format is left justified. 
The analog section of these DACs is essentially the same 
as that of the DAC1020. 

The DAC1006 series are the 10-bit members of a family of 
microprocessor-compatible DAC’s (MICRO-DACtm’s). For 
applications requiring other resolutions, the DAC0830 series 
(8 bits) and the DAC1208 and DAC1230 (12 bits) are avail- 
able alternatives. 


Part # 

Accuracy 

(bits) 

Pin 

Description 

DAC1006 

10 

20 

For left- 
justified 
data 

DAC1007 

9 

DAC1008 

8 


Features 

E3 Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 

□ Low power consumption 

□ Direct Interface to all popular microprocessors 

□ Integrated thin film on CMOS structure 

□ Double-buffered, single-buffered or flow through digital 
data inputs 

□ Loads two 8-bit bytes or a single 1 0-blt word 

□ Logic inputs which meet TTL voltage level specs (1 .4V 
logic threshold) 

□ Works with ± 1 0V reference— full 4-quadrant multiplica- 
tion 

□ Operates STAND ALONE (without jaP) if desired 

□ Available in 0.3" standard 20-pin package 

□ Differential non-linearity selection available as special 
order 


Key Specifications 


□ Output Current Settling Time 

500 ns 

□ Resolution 

10 bits 

□ Linearity 

10, 9, and 8 bits 


(guaranteed over temp.) 

□ Gain Tempco 

-0.0003% of FS/°G 

□ Low Power Dissipation 

20 mW 

(including ladder) 


□ Single Power Supply 

5 to 1 5 Vdc 


Typical Application 

DAC1006/1007/1008 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 1 7 Vdc 

Voltage at Any Digital Input Vcc GND 

Voltage at Vref Input ± 25V 

Storage T emperature Range - 65°C to + 1 SO^C 

Package Dissipation at Ta = 25°C (Note 3) 500 mW 

DC Voltage Applied to Iquti or loUT2 
(Note 4) -100 mV to Vcc 


ESD Susceptibility (Note 11) 800V 

Lead Temp. (Soldering, 10 seconds) 

Dual-ln-Line Package (plastic) 260°C 

Dual-In-Line Package (ceramic) 300°C 

Operating Ratings (Note 1 ) 

Temperature Range T^IN ^ Ta ^ Tmax 

Part numbers with 

“LCN” and “LCWN” suffix 0°C to 70“C 

Voltage at Any Digital Input Vcc ^o GND 


Electrical Characteristics 

Tested at Vcc = 4.75 Vqc and 15.75 Vdc. Ta=25“C, Vref= 10-000 Vpc unless otherwise noted 


Parameter 

Conditions 

See 

Note 

Vcc=12Vdc±5% 

to15VDC±5% 

VcC = 5Vdc±5% 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Resolution 





10 



10 

bits 

Linearity Error 

Endpoint adjust only 

4,7 









'rMIN<TA<TMAX 

6 









— 1 0V ^ Vref ^ + 1 ov 
DAC1006 

5 



0.05 



0.05 

% of FSR 


DAC1007 




0.1 



0.1 

% of FSR 


DAC1008 




0.2 



0.2 

% of FSR 

Differential 

Endpoint adjust only 

4,7 








Nonlinearity 

TmIN<Ta<TmaX 

6 









-10V^Vref^ + 10V 
DAC1006 

5 



0.1 


. 

0.1 

% of FSR 


DAC1007 




0.2 



0.2 

% of FSR 


DAC1008 




0.4 



0.4 

% of FSR 

Monotonicity 

TmIN<Ta<TmaX 

4,6 









-10V^Vref^ + 10V 
DAC1006 

5 

10 



10 



bits 


DAC1007 


9 



9 



bits 


DAC1008 


8 



8 



bits 

Gain Error 

Using internal Rfb 
-10V^Vref^ + 10V 

5 

-1.0 

±0.3 

1.0 

-1.0 

±0.3 

1.0 

% of FS 

Gain Error Tempco 

TmIN<Ta<TmaX 

6 









Using internal Rfb 

9 


-0.0003 

-0.001 


-0.0006 

-0.002 

%of FS/°C 

Power Supply 

All digital inputs 









Rejection 

latched high 

Vcc = 14.5 V to 15.5V 



0.003 

0.008 




. % FSR/V 


11.5V to 12.5 V 



0.004 

0.010 




% FSR/V 


4.75V to 5.25V 






0.033 

0.10 

% FSR/V 

Reference Input 










Resistance 



10 

15 

20 

10 

15 

20 

kn 

Output Feedthrough 

Vref = 20Vp.p,f=100 kHz 









Error 

All data inputs 



90 



90 


mVp.p 


latched low 








Output Iquti 

All data inputs 



60 



60 



Capacitance Iout2 

latched low 



250 





H3B 

Iquti 

All data inputs 



250 





HiB 

IOUT2 

latched high 



60 





■3B 

Supply Current Drain 

Tmin^Ta^Tmax 

6 

i 

0.5 



1 0.5 


< 

E 
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Electrical Characteristics 

Tested at Vcc = 4.75 Vgc and 15.75 N/pc. Ta = 25‘’C, Vrep= 10.000 Vpc unless otherwise noted (Continued) 


Parameter 


Conditions 

See 

Note 

Vcc=12Vdc±5% 
to 15 Vdc ±5% 

VcC = 5Vdc±5% 

Units 




Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Output Leakage 


TmIN^Ta^TmaX 

6 








Current Iqliti 


All data inputs 











latched low 

10 



200 



200 

nA 

l0UT2 


All data inputs 











latched high 




200 



200 

nA 

Digital Input 


Tmin^Ta^Tmax 

6 








Voltages 


Low level 











LCN and LCWM suffix 




0.8, 0.8 



0.7, 0.8 

Vdc 



High level (all parts) 


2.0 



2.0 



Vdc 

Digital Input 


Tmin^Ta^Tmax 

6 








Currents 


Digital inputs <0.8V 



-40 

-150 


-40 

-150 

/^Adc 



Digital inputs >2.0V 



1.0 

+ 10 


1.0 

+ 10 


Current Settling 

ts 

V|L = 0V, V|h = 5V 



500 



500 


ns 

Time 











Write and XFER 

tw 

ViL=0V, V|h = 5V, 









Pulse Width 


Ta=25‘’C 

8 

150 

60 


320 

200 


ns 



TmIN^Ta^TmaX 

9 

320 

100 


500 

250 


ns 

Data Set Up Time 

tDS 

V|L = 0V, V|h = 5V, 











Ta = 25°C 

9 

150 

80 


320 

170 


ns 



TmIN^Ta^Tmax 


320 

120 


500 

250 


ns 

Data Hold Time 

tDH 

V|L = OV, V|h = 5V 











Ta = 25°C 

9 

200 

100 


320 

220 


ns 



Tmin^Ta^Tmax 


250 

120 


500 

320 


ns 

Control Set Up 

tcs 

V|L = 0V, V|l = 5V, 









Time 


Ta = 25°C 

9 

150 

60 


320 

180 


ns 



TmIN^Ta^Tmax 


320 

100 


500 

260 


ns 

Control Hold Time 

tCH 

V|L=0V, V|h = 5V, 











Ta = 25°C 

9 

10 

0 


10 

0 


ns 



TmIN^Ta^Tmax 


10 

0 


10 

0 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both Iquti and Iout 2 niust go to ground or the “Virtual Ground” of an operational amplifier. The linearity error is 
degraded by approximately Vqs-^ Vref- For example, if Vref= 10V then a 1 mV offset, Vqs. on louTi or louT2 will introduce an additional 0.01 % linearity error. 
Note 5: Guaranteed at Vref= ±10 Vqc and Vref= ±1 Vdc- 
Note 6: Tmiim = 0°C and T|^ax= 70°C for “LCN" and “LCWM” suffix parts. 

Note 7: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vref value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC1006 is “0.05% of FSR (MAX).” This 
guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 2.6), the plot of the 1 024 analog voltage outputs will each be within 
0.05% X Vref o1 3 straight line which passes through zero and full scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tyy) of 320 ns. A typical part will operate with tyy 
of only 100 ns. The entire write pulse must occur within the valid data interval for the specified % tos. toH. and ts to apply. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 200 nA leakage current with Rfb=20K and Vref=10V corresponds to a zero error of (200X10~9X20X103)X100-M0 which is 0.04% of FS. 

Note 11: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Switching Waveforms 
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Typicai Performance Characteristics 


Errors vs. Supply Voltage 



0.100 

0.075 

0.050 

0.025 


I -0.025 
S -0.050 


Errors vs. Temperature 


TL/H/5688-2 


Write Width, % 










r" 





L 









n 

.INE 

IRIT 

rER 

lOR 

L 













H 

E 

As 






A6 
1 

AIN 

ERRI 

1 


n 







t 


_j 







L 



5 10 15 

SUPPLY VOLTAGE VCC (VOC) 

Control Setup Time, tcs 


-55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (”C) 

Data Setup Time, tps 



-55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (*C) 

Data Hold Time, t^^ 


s 

i 


300 

200 

100 

0 


TTT1 

V|NL = 0V 

1 

1 

1 

1 

■ 

V 

NH = 

= 3V 

TO. 

■ 

1 

1 

1 

■ 





■ 

1 

1 

1 


V| 

C = 

5V 

cc- 

i 

1 


- 

- 


5 


i 

i 

1 

s 

i 

■ 

■ 

Si 


to 

^ 200 
fiC 

I 100 
0 


s 

mu 

I 

1 

■ 

1 

■ 


1 

|j2 

1 

1 

■ 

1 

■ 

■ 

1 

1 

1 

1 

I 

I 


\ 

s 

I 

s 


i 

1 

i 

B 

g 

1 

i 

1 

8 

1 

1 



s 



s 

II 

n 

■ 

i 


-55 -35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ("C) 

Digital Threshold 
vs. Supply Voltage 


-55-35-15 5 25 45 65 85 105 125 
Ta, AMBIENT TEMPERATURE fC) 


S, 500 

z 

a 

Z 400 
Z 

^ 300 

vt 

^ 200 

i 

I 100 

0 


MM 

V|NL = 0V 






V 

NH 

= 3VT05V 

Ml 





1 

Vet 

J 

= 5 

U 

[J 

n 

c = 

U 

r 

10V 

VC 

c = 

5V 



K 



is 

S 

1 

■ 

i 



□ 



f 


I 

I 



J 

— 


-55-35-15 5 25 45 65 85 105 125 
Ta. AMBIENT TEMPERATURE (“C) 


Digital Input Threshold 
vs. Temperature 



5 10 15 

SUPPLY VOLTAGE VcC (V) 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (*C) 


TL/H/5688-3 


3-66 




Block and Connection Diagrams 


DAC1006/1007/1008 (20-Pin Parts) 




• 


• 

MSB 

10 BIT 
INPUT 
LATCH 

• 

• 

• 

• 

• 

DAC 

REGISTER 

• 

• 

• 

o 

• 

IBB 


o 


e 

LSB 




: i 

1st 2nd 

BYTE BYTE 
STROBE STROBE 

XFER STROBE 

CONTROL LOGIC 




DAC1006/1007/1008 
(20-Pin Parts) 
Dual-ln-Line Package 


. Vcc 

. GND 



WR XFER 


2| 4| 3[ 

USE DAC1 006/1 007/1 008 
FOR LEFT JUSTiFIED DATA 

TL/H/5688-5 

DAC 1006/ 1007/ 1008 — Simpie Hookup for a “Quick Look 


See Ordering Information 


BYTE 1/ 
BYTE 2 


Notes: 



TL/H/5688-7 


1. For Vref= -10.240 Vdc the output voltage steps are approximately 10 mV each. 

2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is latched and new data 
can be loaded into the input latch via the 1 0 SW2 switches. 

When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and is latched when SW1 again closes. 
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1.0 DEFINITION OF PACKAGE PINOUTS 


1.1 Control Signals (All control signals are level actuated.) 
Chip Select — active low, it will enable WR. 

WR: Write — The active low WR is used to load the digital 
data bits (Dl) into the input latch. The data in the input latch 
is latched when WR is high. The 10-bit input latch is split 
into two latches; one holds 8 bits and the other holds 2 bits. 
The Bytel /Byte2 c ontrol pin is used to select both Input 
latches when Bytel /Byte2= 1 or to overwrite the 2-bit input 
latch when in the low state. 

Byte1/Byte2: Byte Sequence Control — When this control 
is high, all ten locations of the input latch are enabled. When 
low, only two locations of the input latch are enabled and 
these two locations are overwritten on the secon d byte 
write. On the DAC1006, 1007, and 1008, the Bytel /Byte2 
must be low to transfer the 1 0-bit data in the input latch to 
the DAC register. 

XFER: Transfer Control Signal, active low — This signal, in 
combination with others. Is used to transfer the 1 0-bit data 
which is available in the input latch to the DAC register — 
see timing diagrams. 

1.2 Other Pin Functions 

Dij (i = 0 to 9): Digital Inputs — DIq is the least significant bit 
(LSB) and Dig is the most significant bit (MSB). 

Iquti: DAC Current Output 1 — louTi 's a maximum for a 
digital input code of all 1 s and is zero for a digital input code 
of all Os. 


iouT2* DAC Current Output 2 — loUT2 is a constant minus 
loUTi. or 


l0UT1 + l0UT2 = 


1023VREF 

1024R 


where R = 1 5 kft. 


a. End Point Test After Zero and FS Adj. 



Rfb: Feedback Resistor — This is provided on the 1C chip 
for use as the shunt feedback resistor when an external op 
amp is used to provide an output voltage for the DAC. This 
on-chip resistor should always be used (not an external re- 
sistor) because it matches the resistors used in the on-chip 
R-2R ladder and tracks these resistors over temperature. 
Vref: Reference Voltage Input — This is the connection for 
the external precision voltage source which drives the R-2R 
ladder. Vref can range from ~ 1 0 to + 1 0 volts. This is also 
the analog voltage input for a 4-quadrant multiplying DAC 
application. 

Vcc: Digital Supply Voltage — This is the power supply pin 
for the part. Vcc can be from + 5 to +15 Vdc- Operation is 
optimum for + 16V. The Input threshold voltages are nearly 
Independent of Vcc- (See Typical Performance Characteris- 
tics and Description in Section 3.0, T2L compatible logic 
inputs.) 

GND: Ground — the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC1006 
has 210 or 1024 steps and therefore has 10-bit resolution. 
Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the “best straight line” test 
(b) used by other suppliers are illustrated below. The “best 
straight line” requires a special zero and FS adjustment for 
each part, which is almost impossible for user to determine. 
The “end point test” uses a standard zero and FS adjust- 
ment procedure and is a much more stringent test for DAC 
linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output (which is the worst case). 


b. Best Straight Line 
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Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± Va LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1006 series, full-scale is Vref~‘^ LSB. 
For Vref=“ 10V and unipolar operation, Vrull-SCA- 
LE= 10.0000V -9.8mV= 9.9902V. Full-scale error is adjust- 
able to zero. 

Monotonicity: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. A 10-bit 
DAC with 1 0-bit monotonicity will produce an increasing an- 
alog output when all 10 digital inputs are exercised. A 10-bit 
DAC with 9-blt monotonicity will be monotonic when only 
the most significant 9 bits are exercised. Similarly, 8-bit 
monotonicity is guaranteed when only the most significant 8 
bits are exercised. 

2.0 DOUBLE BUFFERING 

These DACs are double-buffered, microprocessor compati- 
ble versions of the DAC1020 10-bit multiplying DAC. The 
addition of the buffers for the digital input data not only al- 
lows for storage of this data, but also provides a way to 
assemble the 10-bit input data word from two write cycles 
when using an 8-bit data bus. Thus, the next data update for 
the DAC output can be made with the complete new set of 
10-bit data. Further, the double buffering allows many DACs 
in a system to store current data and also the next data. The 
updating of the new data for each DAC is also not time 
critical. When all DACs are updated, a common strobe sig- 
nal can then be used to cause all DACs to switch to their 
new analog output levels. 


3.0 TTL COMPATIBLE LOGIC INPUTS 

To guarantee TTL voltage compatibility of the logic Inputs, a 
novel bipolar (NPN) regulator circuit is used. This makes the 
input logic thresholds equal to the forward drop of two di- 
odes (and also matches the temperature variation) as oc- 
curs naturally in TTL. The basic circuit is shown in Figure 1. 
A curve of digital input threshold as a function of power 
supply voltage is shown in the Typical Performance Charac- 
teristics section. 

4.0 APPLICATION HINTS 

The DC stability of the Vref source is the most Important 
factor to maintain accuracy of the DAC over time and tem- 
perature changes. A good single point ground for the analog 
signals is next in importance. 

These MICRO-DAC converters are CMOS products and 
reasonable care should be exercised in handling them prior 
to final mounting on a PC board. The digital inputs are pro- 
tected, but permanent damage may occur if the part is sub- 
jected to high electrostatic fields. Store unused parts in con- 
ductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupling 

Some 1C amplifiers draw excessive current from the Analog 
inputs to V— when the supplies are first turned on. To pre- 
vent damage to the DAC — an external Schottky diode con- 
nected from louTt or louT2 to ground may be required to 
prevent destructive currents in Iquii or louT2- sn LM741 
or LF356 is used — these diodes are not required. 

The standard power supply decoupling capacitors which are 
used for the op amp are adequate for the DAC. 


+ VCC 
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4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Ib) CAN CAUSE DC ERRORS. Bl- 
FETtm op amps have very low bias current, and therefore 
the error introduced is negligible. BI-FET op amps are 
strongly recommended for these DACs. 

The distance from the Iquti P'^ the DAC to the inverting 
input of the op amp should be kept as short as possible to 
prevent inadvertent noise pickup. 

5.0 ANALOG APPLICATIONS 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching mode 
and in the voltage switching mode. 

The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. The 
analog functioning is reviewed here for completeness. For 
additional analog applications, such as multipliers, attenua- 
tors, digitally controlled amplifiers and low frequency sine 
wave oscillators, refer to the DAC1020 data sheet. Some 
basic circuit Ideas are presented In this section in addition to 
complete applications circuits. 

5.1 Operation In Current Switching Mode 

The analog circuitry. Figure 2, consists of a silicon-chromi- 
um (Si-Cr) thin film R-2R ladder which is deposited on the 
surface oxide of the monolithic chip. As a result, there is no 
parasitic diode connected to the Vref pin as would exist If 
diffused resistors were used. The reference voltage Input 
(Vref) can therefore range from -10V to + 10V. 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches, SWO to SW9. A logical 1 
digital input causes the current switch to steer the avail- 


able ladder current to the Iquti output pin. These MOS 
switches operate in the current mode with a small voltage 
drop across them and can therefore switch currents of ei- 
ther polarity. This is the basis for the 4-quadrant multiplying 
feature of this DAC. 

5.1.1 Providing a Unipoiar Output Voltage with the 
DAC in the Current Switching Mode 

A voltage output Is provided by making use of an external 
op amp as a current-to-voltage converter. The Idea is to use 
the Internal feedback resistor, Rfb. ^rom the output of the 
op amp to the inverting (-) input. Now, when current is 
entered at this inverting input, the feedback action of the op 
amp keeps that input at ground potential, This causes the 
applied input current to be diverted to the feedback resistor. 
The output voltage of the op amp is forced to a voltage 
given by: 

Vqut = “(Iquti X Rfb) 

Notice that the sign of the output voltage depends on the 
direction of current flow through the feedback resistor. 

In current switching mode applications, both current output 
pins (Iquti and Iqut2) should be operated at 0 Vqc. This is 
accomplished as shown in Figure 3. The capacitor, Cq, is 
used to compensate for the output capacitance of the DAC 
and the input capacitance of the op amp. The required feed- 
back resistor, Rfb. is available on the chip (one end is inter- 
nally tied to Iquti) and must be used since an external 
resistor will not provide the needed matching and tempera- 
ture tracking. This circuit can therefore be simplified as 
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FIGURE 2. Current Mode Switching 
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shown in Figure 4, where the sign of the reference voltage 
has been changed to provide a positive output voltage. Note 
that the output current, Iquti. now flows through the Rfb 
pin. 

5.1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 4 
can be used to generate a bipolar output voltage from a 
fixed reference voltage Figure 5. This, in effect, gives sign 
significance to the MSB of the digital input word to allow two 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize the full four- 
quadrant multiplication. 

The applied digital word is offset binary which includes a 
code to output zero volts without the need of a large valued 
resistor common to existing bipolar multiplying DAC circuits. 
Offset binary code can be derived from 2’s complement 
data (most common for signed processor arithmetic) by in- 
verting the state of the MSB in either software or hardware. 
After doing this the output then responds in accordance to 
the following expression: 

Vo = VrefX^ 


where Vref can be positive or negative and D is the signed 
decimal equivalent of the 2’s complement processor data. 
(-512^0^ + 511 on 000000000 ^ D ^ 01 1 1 1 1 1 1 1 1 ). If the 
applied digital input is interpreted as the decimal equivalent 
of a true binary word, VouT can be found by: 

Vo = Vref ( ^512^ ' ^ ) 0^0^1023 

With this configuration, only the offset voltage of amplifier 1 
need be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp has no effect on lineari- 
ty. It presents a constant output voltage error and should be 
nulled only if absolute accuracy is needed. Another advan- 
tage of this configuration is that the values of the external 
resistors required do not have to match the value of the 
internal DAC resistors; they need only to match and temper- 
ature track each other. 

A thin film 4 resistor network available from Beckman Instru- 
ments, Inc. (part no. 694-3-R10K-D) is ideally suited for this 
application. Two of the four available 10 kft resistor can be 
paralleled to form R in Figure 5 and the other two can be 
used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 


2’s Comp. 
(Decimal) 

2’s Comp. 
(Binary) 

Applied 

Digital Input 

Applied 

True Binary 
(Decimal) 

VoUT 

+Vref -Vref 

+ 511 

0111111111 

1111111111 

1023 

Vref-1 LSB 

-|VrefI + ilsb 

+ 256 

0100000000 

1100000000 

768 

Vref/2 

-|Vref|/2 

0 

0000000000 

1000000000 

512 

0 

0 

-1 

1111111111 

0111111111 

511 

-1 LSB 

+ 1 LSB 

-256 

1100000000 

0100000000 

256 

-Vref/2 

+ |Vref|/2 

-512 

1000000000 

0000000000 

0 

-Vref 

+ |VrefI 


with: 1 LSB = 


JVrEfI 

512 



FIGURE 4. Providing a Unipolar Output Voltage 
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FIGURE 5. Providing a Bipolar Output Voltage with the DAC in the Current Switching Mode 
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5.2 Analog Operation in the Voltage Switching Mode 

Some useful application circuits result if the R-2R ladder is 
operated in the voltage switching mode. There are two very 
important things to remember when using the DAG in the 
voltage mode. The reference voltage ( + V) must always be 
positive since there are parasitic diodes to ground on the 
I 0 UTI pin which would turn on if the reference voltage went 
negative. To maintain a degradation of linearity less than 
±0.005%, keep +V ^ 3 Vdc and Vcc at least 10V more 
positive than + V. Figures 6 and 7 show these errors for the 
voltage switching mode. This operation appears unusual, 
since a reference voltage (+ V) is applied to the Iquti Pin 
and the voltage output is the Vref pin. This basic idea is 
shown in Figure 8. 

This Vqut range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 


Notice that this is unipolar operation since all voltages are 
positive. A bipolar output voltage can be obtained by using a 
single op amp as shown in Figure 10. For a digital input 
code of all zeros, the output voltage from the Vref P'n is 
zero volts. The external op amp now has a single input of 
+V and is operating with a gain of -1 to this input. The 
output of the op amp therefore will be at —V for a digital 
input of all zeros. As the digital code increases, the output 
voltage at the Vref P'n increases. 

Notice that the gain of the op amp to voltages which are 
applied to the ( + ) input is ±2 and the gain to voltages 
which are applied to the input resistor, R, is - 1 . The output 
voltage of the op amp depends on both of these inputs and 
is given by: 

VoUT=( + V) (-1) + Vref( + 2) 
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FIGURE 10. Providing a Bipolar Output Voltage with a Single Op Amp 
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The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 11. These added 
resistors are used to attenuate the + V voltage. The overall 
gain, Av(-), from the +V terminal to the output of the op 
amp determines the most negative output voltage, -4(+ V) 
(when the Vref voltage at the + input of the op amp is 
zero) with the component values shown. The complete dy- 
namic range of Vqijt is provided by the gain from the (+) 
input of the op amp. As the voltage at the Vref pin ranges 
from OV to +V(1 023/1 024) the output of the op amp will 
range from -10 Vdc to +10V (1023/1024) when using a 
+ V voltage of +2.500 Vdc- The 2.5 Vqc reference voltage 
can be easily developed by using the LM336 zener which 
can be biased through the Rfb internal resistor, connected 
to Vcc- 

5.3 Op Amp Vqs Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0 Vdc (ground). Therefore offset 
voltage, Vqs. of the external op amp cannot be tolerated as 
every millivolt of Vqs will introduce 0.01 % of added linearity 
error. At first this seems unusually sensitive, until it becomes 
clear the 1 mV is 0.01% of the 10V reference! High resolu- 
tion converters of high accuracy require attention to every 
detail in an application to achieve the available performance 
which is inherent in the part. To prevent this source of error, 
the Vqs of fhe op amp has to be initially zeroed. This is the 
“zero adjust” of the DAC calibration sequence and should 
be done first. 


If the Vqs is to be adjusted there are a few points to consid- 
er. Note that no “dc balancing” resistance should be used 
in the grounded positive input lead of the op amp. This re- 
sistance and the input current of the op amp can also create 
errors. The low input biasing current of the BI-FET op amps 
makes them ideal for use in DAC current to voltage applica- 
tions. The Vqs of the op amp should be adjusted with a 
digital input of all zeros to force louT= 0 A 1 kft resistor 

can be temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to the Vqs 
of the op amp and make the zeroing easier to sense. 

5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the application 
circuit and whether the DAC is operated in the current 
switching mode or in the voltage switching mode. Tech- 
niques are given below for all of the possible application 
circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a “zero adjust,” set all of the digital input levels 
HIGH and adjust the magnitude of Vref ^or 
1023 

VouT= - (ideal Vref) 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipoiar Output Voitage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital inputs LOW (to force 
louTi to 0) £ind then trim “zero adj.” for zero volts at the 
inverting input (pin 2) of 0A1 . Next, with a code of all zeros 
still applied, adjust “-FS adj.”, the reference voltage, for 
VouT= ±|(ideal Vref)I- The sign of the output voltage will 
be opposite that of the applied reference. 

Finally, set all of the digital inputs HIGH and adjust “ + FS 
adj.” for Vout=Vref (511/512). The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 200n resistor in series with the Vref pin 
of the DAC is to force the circuit gain error from the DAC to 
be negative. This insures that adding resistance to Rfb, with 
the soon pot, will always compensate the gain error of the 
DAC. 


5.4.3 Voltage Switching with a Unipolar Output Voltage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the “zero adj.” for VouT=0 Vdc± 1 nfiV. Then 
set all digital inputs HIGH and trim the “FS Adj.” for: 

5.4.4 Voitage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim the 
“-FS Adj.” for VouT= “2.5 Vdc- Then set all digital inputs 
HIGH and trim the “ + FS Adj.” for VouT= +2.5 (511/512) 
Vdc- Test the zero by setting the MS digital input HIGH and 
ail the rest LOW. Adjust Vqs afTfiP ^3. necessary, and 
recheck the full-scale values. 


(-fFS ADJ) 
500 



FIGURE 12. Full Scale Adjust — Current Switching with Bipolar Output Voltage 


Vcc 



ovdc < vouT < 2.5 Vdc (i +Rj)({Sii) 


TL/H/5688-14 


FIGURE 13. Full Scale Adjust — Voltage Switching with a Unipoiar Output Voltage 
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FIGURE 14. Voltage Switching with a Bipolar Output Voltage 


6.0 DIGITAL CONTROL DESCRIPTION 

The DAC1006 series of products can be used in a wide 
variety of operating modes. Most of the options are shown 
in Table 1. Also shown in this table are the section numbers 
of this data sheet where each of the operating modes is 
discussed. For example, if your main interest in interfacing 
to a jllP with an 8-bit data bus you will be directed to Section 
6 . 1 . 0 . 

The first consideration is “will the DAC be interfaced to a juP 
with an 8-bit or a 1 6-bit data bus or used in the stand-alone 
mode?” For the 8-bit data bus, a second selection is made 
on how the 2nd digital data buffer (the DAC Latch) is updat- 
ed by a transfer from the 1 st digital data buffer (the Input 
Latch). Three options are provided: 1) an automatic transfer 
when the 2nd data byte is written to the DAC, 2) a transfer 
which is under the control of the juP and can include more 
than one DAC in a simultaneous transfer, or 3) a transfer 
which is under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a /xP with a 16-bit data bus only two 
selections are available: 1) operating the DAC with a single 
digital data buffer (the transfer of one DAC does not have to 
be synchronized with any other DACs in the system), or 


2) operating with a double digital data buffer for simulta- 
neous transfer, or updating, of more than one DAC. 

For operating without a fiP in the stand alone mode, three 
options are provided: 1) using only a single digital data buff- 
er, 2) using both digital data buffers — “double buffered,” or 

3) allowing the input digital data to “flow through” to provide 
the analog output without the use of any data latches. 

To reduce the required reading, only the applicable sections 
of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an 8-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires two 
write cycles and provides four possible combinations which 
depend upon two basic data format and protocol decisions: 

1 . Is the data to be left justified (considered as fractional 
binary data with the binary point to the left) or right justi- 
fied (considered as binary weighted data with the binary 
point to the right)? 

2. Which byte will be transferred first, the most significant 
byte (MS byte) or the least significant byte (LS byte)? 


Table 1 


Operating Mode 

Automatic Transfer 

ju,P Control Transfer 

External Transfer 

Data Bus 

Section 

Figure No. 

Section 

Figure No. 

Section 

Figure No. 

8-Bit Data Bus (6.1.0) 

Left Justified (6.1.1) 

6.2.1 

16 

6.2.2 

16 

6.2.3 

16 

1 6-Bit Data Bus (6.3.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.3.1 

17 

6.3.2 

17 

Not Applicable 

Stand Alone (6.4.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.4.1 

17 

6.4.2 

17 

NA 
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These data possibilities are shown in Figure 15. Note that 
the justification of data depends on how the 10-bit data 
word is located within the 1 6-bit data source (CPU) register. 
In either case, there is a surplus of 6 bits and these are 
shown as “don’t care” terms (“x”) in this figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd write 
cycle, depending on the justification of the data. For all left 
justified data options, the 1 st write cycle must contain the 
MS or Hi Byte data group. 

6.1.1 For Left Justified Data 

For applications which, require left justified data, DAC1006- 
1008 can be used. A simplified logic diagram which shows 
the external connections to the data bus and the Internal 
functions of both of the data buffer registers (Input Latch 
and DAC Register) is shown in Figure 16. These 


parts require the MS or HI Byte data group to be transferred 
on the 1 St write cycle. 

6.2 Controlling Data Transfer for an 8-Bit Data Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC Register, 
where it will update the analog output voltage. The simplest 
is the automatic transfer mode, which causes the data 
transfer to occur at the time of the 2nd write cycle. This is 
recommended when the exact timing of the changes of the 
DAC analog output are not critical. This typically happens 
where each DAC is operating individually in a system and 
the analog updating of one DAC is not required to be syn- 
chronized to any other DAC. For synchronized DAC updat- 
ing, tw o options are provided: jliP control via a common 
XFER strobe or external update timing control via an exter- 
nal strobe. The details of these options are now shown. 


DAC1006/1007/1008 (20-Pin Parts for Left Justified Data) 
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FIGURE 15. Fitting a 10-Bit Data Word into 16 Available Bit Locations 
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FIGURE 16. Input Connections and Controls for DAC 1006/ 1007/ 1008 Left Justified Data 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. 
The first byte (8 bits) is strobed into the input latch and the 
second byte causes a simultaneous strobe of the two re- 
maining bits into the input latch and also the transfer of the 
complete 10-bit word from the input latch to the DAC regis- 
ter. This is shown in the following timing diagram; the point 
in time where the analog output is updated is also indicated 
on this diagram. 

DAC1006/1007/1008 (20-Pin Parts) 
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TL/H/5688-18 

♦SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 

6.2.2 Transfer Using jliP Write Stroke 

The input latch is loaded with the first two write strobes. The 
XFER signal is provided by external logic, as shown below, 
to cause the transfer to be accomplished pn a third write 
strobe. This is shown in the following diagram: 

DAC1006/1007/1008 (20-Pin Parts) 
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AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 
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6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER 
signal is not provided by the jliP. The timing diagram for this 
is: 


DAC1006/1007/1008 (20-Pin Parts) 
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6.3 Interfacing to a 16-Bit Data Bus 

The interface to a 16-bit data bus is easily handled by con- 
necting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is 
shown in the connection diagram of Figure 17, where the 
use of DBG to DB1 5 gives left justified data oper ation. Note 
that any part number can be used and the Bytel /Byte2 con- 
trol should be wired Hi. 
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FIGURE 17. Input Connections and Logic for DAC1006/ 1007/ 1008 with 16-Blt Data Bus 


Three operating modes are possible: flow through, single 
buffered, or double buffered. The timing diagrams for these 
are shown below: 

6.3.1 Single Buffered 
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6.4 Stand Alone Operation 

For applications for a DAC which are not under jaP control 
(stand alone) there are two basic operating modes, single 
buffered and double buffered. The timing diagrams for these 
are shown below: 

6.4.1 Single Buffered 
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6.3.2 Double Buffered 
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6.4.2 Double Buffered 
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*For a connection diagram of this operating mode use Figure 16 for the Logic and Figure 17 for the Data Input connections. 
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7.0 MICROPROCESSOR INTERFACE 

The logic functions of the DAC1006 family have been ori- 
ented towards an ease of interface with all popular jutPs. The 
following sections discuss in detail a few useful interface 
schemes. 

7.1 DAC1001/1/2 to INS8080A Interface 

Figure 18 illustrates the simplicity of interfacing the 
DAC1006 to an INS8080A based microprocessor system. 



TL/H/5688-24 

NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD F001 STORES THE L 
REG INTO B1 AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 

THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 


FIGURE 18. Interfacing the DAC1000 to the INS8080A CPU Group 


The circuit will perform an automatic transfer of the 10 bits 
of output data from the CPU to the DAC register as outlined 
in Section 6.2.1 , “Controlling Data Transfer for an 8-Bit Data 
Bus.” 

Since a double byte write is necessary to control the DAC 
with the INS8080A, a possible Instruction to achieve this Is a 
PUSH of a register pair onto a “stack” In memory. The 16- 
bit register pair word will contain the 1 0 bits of the eventual 
DAC input data in the proper sequence to conform to both 
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the requirements of the DAC (with regard to left justified 
data) and the implementation of the PUSH instruction which 
will output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actually appear 
as a two-byte “stack” In memory to the CPU. The auto-dec- 
rementing of the stack pointer during a PUSH al lows u sing 
addres s bit 0 of the stack pointer as the Byte1/Byte2 and 
xP£R strobes If bit 0 of the stack pointer address -1, 
(SP-1), Is a “1” as presented to the DAC. Additional ad- 
dress decoding by the DM8131 will generate a unique DAC 
chip select (CS) and synchronize this CS to the two memory 
write strobes of the PUSH instruction. 

To reset the stack pointer so new data may be output to the 
same DAC, a POP instruction followed by instructions to 
insure that proper data is in the DAC data register pair be- 
fore It is “PUSHED” to the DAC should be executed, as the 
POP instruction will arbitrarily alter the contents of a register 
pair. 

Another double byte write instruction is Store H and L Direct 
(SHLD), where the HL register pair would temporarily con- 
tain the DAC data and the two sequential addresses for the 
DAC are specified by the instruction op code. The auto in- 
crementing of the DAC address by the SHLD instruction 
permits the same simple scheme of using address bit 0 to 
generate the byte number and transfer strobes. 

7.2 DAC1006 to MC6820/1 PIA Interface 

In Figure /Pthe DAC1006 is interfaced to an M6800 system 
through an MC6820/1 Peripheral Interface Adapter (PIA). In 
this case the CS pin of the DAC is grounded since the PIA is 
already mapped in the 6800 system memory space and no 
decoding Is necessary. Furthermore, by using both Ports A 
and B of the PIA the 10-bit data transfer, assumed left 
justified again in two 8-bit bytes, is greatly simplified. The 
HIGH byte is loaded into Output Register A (ORA) of the 


PIA, and the LOW byte is loaded into ORB. The 10-bit data 
transfer to the DAC and the corresponding analog output 
change occur simultaneously upon CB2 going LOW under 
program control. The 10-blt data word In the DAC register 
will be latched (and hence Vqut will be fixed) when CB2 is 
brought back HIGH. 

If both output ports of the PIA are not available, it is possible 
to interface the DAC1006 through a single port without 
much effort. However, additional logic at the CB2(or CA2) 
lines or access to some of the 6800 system control lines will 
be required. 

7.3 Noise Considerations 

A typical digital/microprocessor bus environment is a tre- 
mendous potential source of high frequency noise which 
can be coupled to sensitive analog circuitry. The fast edges 
of the data and address bus signals generate frequency 
components of 10’s of megahertz and can cause noise 
spikes to appear at the DAC output. These noise spikes 
occur when the data bus changes state or when data is 
transferred between the latches of the device. 

In low frequency or DC applications, low pass filtering can 
reduce these noise spikes. This is accomplished by over- 
compensating the DAC output amplifier by increasing the 
value of the feedback capacitor (Cc in Figure 3). 

In applications requiring a fast transient response from the 
DAC and op amp, filtering may not be feasible. Adding a 
latch, DM74LS374, as shown In Figure 20 isolates the de- 
vice from the data bus, thus eliminating noise spikes that 
occur every time the data bus changes state. Another meth- 
od for eliminating noise spikes is to add a sample and hold 
after the DAC op amp. This also has the advantage of elimi- 
nating noise spikes when changing digital codes. 



+15V 

FIGURE 19. DAC1000 to MC6820/1 PIA Interface 
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FIGURE 20. Isolating Data Bus from DAC Circuitry to Eiiminate Digital Noise Coupling 



FIGURE 21. Digitally Controlled Amplifier/ Attenuator 


7.4 Digitaiiy Controlled Amplifier/ Attenuator 

An unusual application of the DAC, Figure 21, applies the 
input voltage via the on-chip feedback resistor. The lower 
op amp automatically adjusts the Vref in voltage such that 
louTi is equal to the Input current (ViN/Rfe)- The magnitude 
of this Vref in voltage depends on the digital word which is 
in the DAC register. louT2 depends upon both the 
magnitude of Vim and the digital word. The second op amp 
converts louT2 to a voltage, Vqijt. which is given by: 
/1023-N\ 

Vout=V|n( I, where 0<N^1023. 


Note that N = 0 (or a digital code of all zeros) is not allowed 
or this will cause the output amplifier to saturate at either 
±Vmax. depending on the sign of V|n. 

To provide a digitally controlled divider, the output op amp 
can be eliminated. Ground the louT2 Pio of the DAC and 
Vqut is now taken from the lower op amp (which also drives 
the Vref input of the DAC). The expression for Vqut is now 
given by 


VouT= — rr where M = Digital input (e 
M fractional binary number). 
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National Semiconductor 


DAC1020/DAC1021/DAC1022 

10-Bit Binary Muitiplying D/A Converter 

DAC1220/DAC1222 

12-Bit Binary Muitipiying D/A Converter 


General Description 

The DAC1020 and the DAC1220 are, respectively, 10 and 
12-bit binary multiplying digital-to-analog converters. A de- 
posited thin film R-2R resistor ladder divides the reference 
current and provides the circuit with excellent temperature 
tracking characteristics (0.0002%/‘’C linearity error temper- 
ature coefficient maximum). The circuit uses CMOS current 
switches and drive circuitry to achieve low power consump- 
tion (30 mW max) and low output leakages (200 nA max). 
The digital inputs are compatible with DTL/TTL logic levels 
as well as full CMOS logic level swings. This part, combined 
with an external amplifier and voltage reference, can be 
used as a standard D/A converter; however, it is also very 
attractive for multiplying applications (such as digitally con- 
trolled gain blocks) since its linearity error is essentially in- 
dependent of the voltage reference. All inputs are protected 
from damage due to static discharge by diode clamps to V+ 
and ground. 

This part is available with 10-bit (0.05%), 9-bit (0.10%), and 
8-bit (0.20%) non-linearity guaranteed over temperature 


(note 1 of electrical characteristics). The DAC1020, 
DAC1021 and DAC1022 are direct replacements for the 10- 
bit resolution AD7520 and AD7530 and equivalent to the 
AD7533 family. The DAC1220 and DAC1222 are direct re- 
placements for the 12-bit resolution AD7521 and AD7531 
family. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Non-linearity guaranteed over temperature 
Gi Integrated thin film on CMOS structure 

■ 10-blt or 12-blt resolution 

B Low power dissipation 10 mW @15V typ 
B Accepts variable or fixed reference -25 V:^Vref^ 25V 
□ 4-quadrant multiplying capability 
B Interfaces directly with DTL, TTL and CMOS 
B Fast settling time — 500 ns typ 
D Low feedthrough error— y 2 LSB @100 kHz typ 


EClUiVdICnt Circuit Note, switches shown in digital high state included for dacio2o~1 

I I 



12-BIT D/A CONVERTERS 


Temperature Range 

1 OX to 70X 

-40Xto+85X 



DAC1220LCN 

AD7521LN,AD7531LN 

DAC1220LCJ 

AD7521LD,AD7531LD 


1 0.20% 1 

DAC1222LCN 

AD7521JN,AD7531JN 

DAC1222LCJ 

AD7521JD,AD7531JD 

Package Outline 

1 N18A 1 

1 J18A 


Note. Devices may be ordered by either part number. 
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DAC1020/DAC1021/DAC1022/DAC1220/DAC1222 


Absolute Maximum Ratings (Notes) Operating Ratings 




If Military/ Aerospace specified devices are required, 





Min 

Max 

Units 

please contact the National Semiconductor Sales Temperature (Ta) 





Office/Distributors for availability and specifications. DAC1020LIV, DAC1220LCJ, 




V+ to Gnd 

17V 

DAC1222LCJ 


-40 

+ 85 

"C 

Vref to Gnd 

± 25V DACI 020LCN, DAC1 020LCV, 




Digital Input Voltage Range V + to Gnd 

DACI 021 LCN 


0 

+ 70 

“C 

DC Voltage at Pin 1 or Pin 2 (Note 3) - 1 00 mV to V + ' 

DAC1022LCN, DAC1220LCN 

0 

+ 70 

‘’C 

Storage Temperature Range - 65°C to + 1 50"C 222LCN 



0 

+ 70 

°c 

Lead Temperature (Soldering, 10 sec.) 








Dual-In-Line Package (plastic) 260‘’C 

Dual-ln-Line Package (ceramic) 300°C 








ESD Susceptibility (Note 4) 800V 








Electrical Characteristics (V+ = ISV.Vref = IO.OOOV.Ta = 25"C unless otherwise specked) 




DAC1020, DAC1021, 

DAC1220. DAC1222 


Parameter 

Conditions 


DAC1022 




Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Resolution 


10 



12 



Bits 

Linearity Error 

'I’mIN<Ta<TmaX. 

-10V<Vref< + 10V, 

(Note 1 ) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) 








10-Bit Parts 

DACI 020, DACI 220 



0.05 



0.05 

% FSR 

9-Bit Parts 

DACI 021 



0.10 



0.10 

% FSR 

8-Blt Parts 

DACI 022, DACI 222 



0.20 



0.20 

% FSR 

Linearity Error Tempco 

— IOV^Vref^ + 10V, 

(Notes 1 and 2) 



0.0002 



0.0002 

% FS/“C 

Full-Scale Error 

-10V^Vref^ + 10V, 

(Notes 1 and 2) 


0.3 

1.0 


0.3 

1.0 

%FS 

Full-Scale Error Tempco 

Tmin<Ta<Tmax. 

(Note 2) 



0.001 



0.001 

% FS/°C 

Output Leakage Current 

TmIN^Ta^TmaX 



Ml 

■ 

m 

M 

|M|M| 

•OUTI 

All Digital Inputs Low 




■ 


mm 


•out 2 

All Digital Inputs High 



Ea 

■ 

iiiiii 

eb 


Power Supply Sensitivity 

All Digital Inputs High, 

14V^V+^16V, (Note 2), 

(Figure 2) 



■ 

1 


■ 

■ 

Vref Input Resistance 


10 

15 


Bl 




Full-Scale Current Settling 

Rl= 100ft from 0 to 99. 95% 








Time 

FS 

All Digital Inputs Switched 

Simultaneously 


500 



500 


ns 

Vref Feedthrough 

Ail Digital Inputs Low, 

Vref = 20 Vp-p @ 1 00 kHz 



10 



10 

mVp-p 


J Package (Note 4) 


6 

9 


6 

9 

mVp-p 


N Package 


2 

5 


2 

5 

mVp-p 

Output Capacitance 









l0UT1 

All Digital Inputs Low 


40 



40 


PF 


All Digital Inputs High 


200 



200 


PF 

•out 2 

All Digital Inputs Low 


200 



200 


pF 


All Digital Inputs High 


40 



40 


pF 



3-84 













Electrical Characteristics (V+ = 15V, Vref = 10.000V, Ta = 25‘’C unless Otherwise specified) (Continued) 


Parameter 

Conditions 

DAC1020, DAC1021, 
DAC1022 

DAC1220, DAC1222 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Digital Input 

(Figure 1) 








Low Threshold 

TmIN<Ta<TmAX 



0.8 



0.8 

V 

High Threshold 

Tmin<Ta<Tmax 

2.4 



2.4 



V 

Digital Input Current 

TmIN^Ta^TmaX 

Digital Input High 


1 

100 


1 

100 

jllA 


Digital Input Low 


-50 

-200 


-50 

-200 

jaA 

Supply Current 

All Digital Inputs High 


0.2 

1.6 


0.2 

1.6 

mA 


All Digital Inputs Low 


0.6 

2 


0.6 

2 

mA 

Operating Power Supply 
Range 

(Figures 1 and 2) 

5 


15 

5 


15 

V 


Note 1: Vref= ±10V and Vref= ±1V. A linearity error temperature coefficient of 0.0002% FS for a 45'’C rise only guarantees 0.009% maximum change in 
linearity error. For instance, if the linearity error at 25°C is 0.045% FS it could increase to 0.054% at TO'C and the DAC will be no longer a 10-bit part. Note, 
however, that the linearity error is specified over the device full temperature range which is a more stringent specification since it includes the linearity error 
temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3: Both louT i and Iqlit 2 niust go to ground or the virtual ground of an operational amplifier. If Vref = 10V, every millivolt offset between Iqut i or loUT 2. 
0.005% linearity error will be introduced. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 6: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja. and the ambient temepature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125”C, and the typical junction-to-ambient thermal resistance of the J18 package when board mounted is 85"C/W. For the N18 package, ^ja is 
120“C/W, for the N16 this number is 125‘’C/W, and for the V20 this number is 95“C/W. 


Typical Performance Characteristics 



0 20 40 60 80 

Ta- TEMPERATURE (“0 

FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 



5.0 10.0 15.0 

V*' (VOLTS) 

TL/H/5689-2 

FIGURE 2. Gain Error Variation vs V+ 
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Typical Applications 

The following applications are also valid for 1 2-bit systems 
using the DAC1220 and 2 additional digital inputs. 

Operational Amplifier Bias Current {Figure 3) 

The op amp bias current, lb, flows through the 1 5k internal 
feedback resistor. BI-FET op amps have low lb and, there- 
fore, the 15k X lb error they introduce is negligible; they are 
strongly recommended for the DAC1 020 applications. 

Vqs Considerations 

The output impedance. Rout, the DAC is modulated by 
the digital input code which causes a modulation of the op- 
erational amplifier output offset. It is therefore recommend- 
ed to adjust the op amp Vqs- Rout 's 1 5k if more than 4 
digital inputs are high; Rqut 's ~ 45k if a single digital Input 
is high, and Rqut approaches Infinity if all inputs are low. 


Operational Amplifier Vqs Adjust {Figure 3) 

Connect all digital inputs, A1-A10, to ground and adjust the 
potentiometer to bring the op amp Vqut to within ± 1 
mV from ground potential. If Vref is less than 10V, a finer 
Vqs adjustment is required. It is helpful to increase the reso- 
lution of the Vos adjust procedure by connecting a 1 kn 
resistor between the Inverting input of the op amp to 
ground. After Vqs has been adjusted, remove the 1 kft. 

Full-Scale Adjust {Figure 4) 

Switch high all the digital inputs, A1-A10, and measure the 
op amp output voltage. Use a 500n potentiometer, as 
shown, to bring ||VoutII to a voltage equal to Vref x 
1023/1024. 


SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 



MSB LSB 

A1 A2 A3 A4 AS A6 A7 A8 A9 A10 



Vqut = -Vref 


/A1 A2 A3 
\ 2 ''' 4 8 


-10V ^ Vref ^ 10V 
.. 1023.. 


where An = 1 if the An digital input is high 
An = 0 if the An digital input is low 

FIGURE 3. Basic Connection: Unipolar or 2-Quadrant Multiplying 
Configuration (Digital Attenuator) 
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Typical Applications (Continued) 



) VouT 


FIGURE 4. Full-Scale Adjust 


A1 A2 A3 A4 AS A6 A7 A8 AS A10 



FIGURE 5. Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 


DIGITAL WORD A 


A1 A2 A3 A4 AS AS A7 AS A9 AID 



TL/H/5689-4 


where Vref can be an AC signal 

FIGURE 6. Precision Analog-to-Digital Multiplier 
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Typical Applications (Continued) 



COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 


DIGiTAL INPUT 

Vqut 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ Vref 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Vref X 1022/1024 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Vref X 2/1024 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-Vref X 2/1024 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-Vref (1022/1024) 


Note that: 

• I0UTI + h[)J2 = 


VrEF ,, /'1023\ 


where: AN = + 1 if A|sj input is high 
AN = - 1 if An input is low 


^LADDER \1024/ 

By doubling the output range we get half the 
resolution 

The 10M resistor, adds a 1 LSB “thump”, to 
allow full offset binary operation where the out- 
put reaches zero for the half-scale code. If 
symmetrical output excursions are required, 
omit the 10M resistor. 


FIGURE 7. Bipolar 4-Quadrant Multiplying Configuration 
Operational Amplifiers Vqs Adjust {Figure 7) Gain Adjust (Full-Scale Adjust) 

a) 


b) 


Switch all the digital inputs high; adjust the Vqs potenti- 
ometer of op amp B to bring its output to a value equal 
to-(VREF/1024) (V). 

Switch the MSB high and the remaining digital Inputs 
low. Adjust the Vqs potentiometer of op amp A, to bring 
its output value to within a 1 mV from ground potential. 
For Vref < 10V, a finer adjust is necessary, as already 
mentioned in the previous application. 


Assuming that the external 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit Is the same 
with the one previously discussed. 



TRUE OFFSET BINARY OPERATION 


DIGITAL INPUT 

VoUT 

1111111111 

1000000000 

0000000000 

Vref X 1022/1024 

0 

-Vref 



ts = 1.8 H8 

use LM336 for a voltage reference 

FIGURE 8. Bipolar Configuration with a Single Op Amp 


R3 + R1 ||R2 = R; Ay" = R = 20k 

Vref 

• Example: Vref = 2V, Vqut (swing) ^ ±10V: Av~ = 5V 
Then R4 = 9R. R1 = 0.8 R2. If R1 = 0.2R then R2 = 0.25R, 
R3 = 0.64R 

FIGURE 9. Bipolar Configuration with 
Increased Output Swing 


3-88 







Typical Applications (Continued) 


MSB lsb 

A1 A2 A3 A4 AS AS A7 AS A9 AID 



where: Vref can be an AC signal 

• By connecting the DAC in the feedback loop of an opera- 
tional amplifier a linear digitally control gain block can be 
realized 

• Note that with all digital inputs low, the gain of the amplifier 
is infinity, that is, the op amp will saturate. In other words, we 
cannot divide the Vref by zero! 

FIGURE 10. Analog-to-Digital Divider (or Digitally Gain Controiied Ampiifier) 



where: 0 ^ N ^ 1023 


N = 0 for An = all zeros 
N = 1 for A10 = 1, A1-A9 = 0 


TL/H/5689-7 


N = 1023 for An = all 1’s 

FIGURE 11. Digitally controlled Amplifier-Attenuator 
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Typical Applications (Continued) 



TL/H/5689-8 


fpi 1/ 

• Output frequency = — Imax = 2 kHz 

512 

• Output voltage range = OV — 10V peak 

• THD < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, 
filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look 
up table ROM 

• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look>Up ROM 
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Typical Applications (Continued) 



TL/H/5689-9 


• Binary up/down counter digitally “ramps” the DAC 
output 

• Can stop counting at any desired 10-bit input code 

• Senses up or down count overflow and automatically 
reverses direction of count 

FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits 
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Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the D/A output. It Is directly 
related to the number of switches or bits within the D/A. For 
example, the DAC1020 has 210 or 1024 steps while the 
DAC1220 has 212 or 4096 steps. Therefore, the DAC1020 
has 10-bit resolution, while the DAC1220 has 12-bit resolu- 
tion. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
D/A transfer characteristic. It is measured after calibrating 
for zero (see Vqs adjust in typical applications) and full- 
scale. Linearity error is a design parameter intrinsic to the 
device and cannot be externally adjusted. 


Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the D/A 
full-scale output. 

Settling Time: Full-scale settling time requires a zero to full- 
scale or full-scale to zero output change. Settling time is the 
time required from a code transition until the D/A output 
reaches within ± Va LSB of final output value. 

Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal D/A and the actual device output. 
Ideally, for the DAC1020 full-scale is Vref“ 1 LSB. For 
Vref=10V and unipolar operation, VpuLL-SCA- 
LE= 10.0000V— 9.8 mV = 9.9902V. Full-scale error is ad- 
justable to zero as shown \n Figure 5. 




b1 



(a) End point test after zero and full-scale adjust. 
The DAC has 1 LSB linearity error. 


(b) By shifting the full-scale calibration on of the DAC of 
Figure (b1) we could pass the “best straight line” (b2) 
test and meet the ± Va linearity error specification. 


Note, (a), (b1) and (b2) above illustrate the difference between “end point” National’s linearity test (a) and “best straight line” test. Note that both devices in (a) and 
(b2) meet the ±Yz LSB linearity error specification but the end point test is a more “real life” way of characterizing the DAC. 


Connection Diagrams 

DAC102X 

Dual-ln-Line Package 


DAC1020 
PLCC Package 


DAC122X 

Dual-ln-Line Package 



< A9 
-AS 

- A7 

- A6 


TL/H/5689-13 



-AB 

J 

-A7 


TL/H/5689-11 
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Na tional 


Semiconductor 


DAC1054 Quad 10-Bit Voltage-Output 
Serial D/A Converter with Readback 


General Description 

The DAC1054 is a complete quad 10-bit voltage-output digi- 
tal-to-analog converter that can operate on a single 5V sup- 
ply. It includes on-chip output amplifiers, internal voltage ref- 
erence, and serial microprocessor interface. By combining 
in one package the reference, amplifiers, and conversion 
circuitry for four D/A converters, the DAC1054 minimizes 
wiring and parts count and is hence ideally suited for appli- 
cations where cost and board space are of prime concern. 
The DAC1054 also has a data readback function, which can 
be used by the microprocessor to verify that the desired 
input word has been properly latched into the DAC1054’s 
data registers. The data readback function simplifies the de- 
sign and reduces the cost of systems which need to verify 
data integrity. 

The logic comprises a MICROWIRE™.compatlble serial In- 
terface and control circuitry. The interface allows the user to 
write to any one of the input registers or to all four at once. 
The latching registers are double-buffered, consisting of 4 
separate input registers and 4 DAC registers. Each DAC 
register may be written to individually. Double buffering al- 
lows all 4 DAC outputs to be updated simultaneously or 
individually. 

The four reference inputs allow the user to configure the 
system to have a separate output voltage range for each 
DAC. The output voltage of each DAC can range between 
0.3V and 2.8V and is a function of Vbias. Vref, and the 
input word. 


Features 

a Single + 5V supply operation 

m MICROWIRE serial interface allows easy interface to 
many popular microcontrollers Including the COPStm 
and HPCTM families of microcontrollers 

a Data readback capability 

□ Output data can be formatted to read back MSB or 
LSB first 

m Versatile logic allows selective or global update of the 
DACs 

□ Power fail flag 

o Output amplifiers can drive 2 kft load 

o Synchronous/asynchronous update of the DAC outputs 


Key Specifications 

□ Guaranteed monotonic over temperature 

□ Integral linearity error ± 3/4 LSB max 

0 Output settling time 3.7 jlis max 

□ Analog output voltage range 0.3V to 2.8V 

□ Supply voltage range 4.5V to 5.5V 

o Clock frequency for write 10 MHz max 

□ Clock frequency for read back 5 MHz max 

0 Power dissipation (fcLK = 10 MHz) 100 mW max 
EH On-board reference 2.65V ±2% max 


Applications 

□ Automatic test equipment 

□ Industrial process controls 

□ Automotive controls and diagnostics 

□ Instrumentation 


Connection Diagram 


Ordering Information 



Top VIoiv 


Industrial (-40°C < Ta < +85‘’C) 

Package 

DAC1054CIN 

N24A Molded DIP 

DAC1054CIWM 

M24B Small Outline 

Military (-55“C < Ta < + 125“C) 


DAC1054CMJ/883 or 

5962-9466201 MJA 

J24A Ceramic DIP 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/Aerospace specified devices are required, 
piease contact the Nationai Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (AVcc. DVcc) 7V 

Supply Voltage Difference (AVcc-DVcc) ± 5.5V 

Voltage at Any Pin (Note 3) GND -0.3V to 

AVcc/DVcc +0.3V 
Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 4) 30 mA 

Power Dissipation (Note 5) 950 mW 

ESD Susceptibility (Note 6) 

Human Body Model 2000V 

Machine Model 200V 


Soldering Information 

N Package (1 0 sec.) 260"C 

SO Package 

Vapor Phase (60 sec.) 21 5"C 

Infrared (15 sec.) (Note 7) 220“C 

Storage T emperature - 65°C to + 1 50°C 

Operating Ratings (Notes 1 & 2) 

Supply Voltage 4.5V to 5.5V 

Supply Voltage Difference (AVcc “ DVcc) ± 1 V 

Temperature Range Tmin < Ta < Tmax 

DAC1054CIN, DAC1054CIWM -40^C <T^< 85“C 
DAC1054CMJ/883 -55"C < Ta < 125'’C 


Converter Electrical Characteristics 

The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias = 1 •4V, Rl = 2 kft (Rl is the load resistor on 
the analog outputs - pins 2, 13, 17, and 23) and fcLK == ‘•0 MHz unless otherwise specified. Boldface limits apply for Ta 
= Tj from Tiiiiii to Tmax- All other limits apply for Ta = 25®C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limit 
(Note 9) 

Units 

(Limits) 

STATIC CHARACTERISTICS 

n 

Resolution 


10 

10 

bits 


Monotonicity 

(Note 10) 

10 

10 

bits 


Integral Linearity Error 

DAC1054CIN, DAC1054CIWM 

(Note 11) 


±0.75 

LSB (max) 


Differential Linearity Error 



±1.0 

LSB (max) 


Fullscale Error 

(Note 12) 


±30 

mV 


Fullscale Error Tempco 

(Note 13) 

-38 


ppm/*C 


Zero Error 

(Note 14) 


±25 

rnV 


Zero Error Tempco 

(Note 13) 

-38 


ppm/“C 


Power Supply Sensitivity 

(Note 15) 


-34 

dB (max) 

DYNAMIC CHARACTERISTICS 

ts+ 

Positive Voltage Output 

Settling Time 

(Note 16) 

Cl = 200 pF 

1.8 

3.2 

jmS 

ts- 

Negative Voltage Output 

Settling Time 

(Note 16) 

Cl = 200 pF 

2.3 

3.7 

JJLS 


Digital Crosstalk 


15 


Q. 

Q. 

> 

E 


Digital Feedthrough 

(Note 18) 

15 


mVp.p 


Clock Feedthrough 

(Note 19) 

20 


^Vp.p 


Channel-to-Channel Isolation 

(Note 20) 

-71 


dB 


Glitch Energy 

(Note 21) 





Peak Value of Largest Glitch 


38 



PSRR 

Power Supply Rejection Ratio 

(Note 22) 

-49 


dB 


























Converter Electrical Characteristics (continued) 

The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias = 1 -^V, Rl = 2 kO (Rl is the load resistor on 
the analog outputs - pins 2, 13, 17, and 23) and fcLK =10 MHz unless otherwise specified. Boldface limits apply for T/x 
= Tj from Tmin Tmax- All other limits apply for Ta = 25°C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 3) 

Limit 
(Note 4) 

Units 

(Limits) 

DIGITAL AND DC ELECTRICAL CHARACTERISTICS 

V|N(1) 

Logical “1” Input Voltage 

AVcc = DVcc = 5.5V 


2.0 

V (min) 

V|N(0) 

Logical “0” Input Voltage 

AVcc = DVcc = 4.5V 


0.8 

V (max) 

l|L 

Digital Input Leakage Current 



1 

jxA (max) 

C|N 

Input Capacitance 


4 


PF 

COUT 

Output Capacitance 


5 


pF 

VoUTd) 

Logical “1” Output Voltage 

•source 0-8 nriA 


2.4 

V (min) 

VOUT(O) 

Logical “0” Output Voltage 

•sink = 3-2 mA 


0.4 

V (max) 

Vint 

Interrupt Pin Output Voltage 

10 kfl Pullup 


0.4 

V (max) 

•s 

Supply Current 

Outputs Unloaded 

14 

20 

mA 

REFERENCE INPUT CHARACTERISTICS 

Vref 

Input Voltage Range 


0-2.75 


V 

Rref 

Input Resistance 


7 

4 

9 

kn (min) 
kn (max) 

Cref 

Input Capacitance 

Full-Scale Data Input 

25 


pF 

Vbias input characteristics 

Vbias 

Vbias Input Voltage Range 


0.3-1.4 


V 


Input Leakage 


1 


fiA 

Cbias 

Input Capacitance 


9 


pF 

BANDGAP REFERENCE CHARACTERISTICS (Cl = 220jliF) 

VrefOUT 

Output Voltage 



2.65 ± 2% 

V 

AVref/AT 

Tempco 

(Note 23) 

29 


ppmrc 


Line Regulation 

4.5V < Vcc < 5.5V, II = 4 mA 


5 

mV 

AVref/AIl 

Load Regulation 

0 < II < 4 mA 
-1 < II < 0 mA 

2.5 

10 

mV 

mV 

isc 

Short Circuit Current 

VrefOUT = OV 

12 


mA 

AC ELECTRICAL CHARACTERISTICS 

Ids 

Data Setup Time 



15 

ns (min) 

Idh 

Data Hold Time 



0 

ns (min) 

tcs 

Control Setup Time 



15 

ns (min) 

tCH 

Control Hold Time 



0 

ns (min) 

fWMAX 

Clock Frequency Write 



10 

MHz (max) 

fRMAX 

Clock Frequency Readback 



5 

MHz (max) 

tH 

Minimum Clock High Time 



20 

ns (min) 

tL 

Minimum Clock Low Time 



20 

ns (min) 
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Converter Electrical Characteristics (Continued) 


The following specifications apply for AVcc = DVcc = 5V, Vref = 2.65V, Vbias == 1 -fV, Rl = 2 kH (Rl is the load resistor on 
the analog outputs - pins 2, 13, 17, and 23) and fcLK =10 MHz unless otherwise specified. Boldface limits apply for Ta 
= Tj from Tmiii to Tmax- All other limits apply for Ta = 25‘’C, 


Symbol 

Parameter 

Conditions 

Typical 
(Note 3) 

Limit 
(Note 4) 

Units 

(Limits) 

AC ELECTRICAL CHARACTERISTICS (Continued) 

tczi 

Output Hi-Z to Valid 1 

fCLK = 5MHz 


70 

ns (max) 

iczo 

Output Hi-Z to Valid 0 

fCLK = 5MHz 


70 


1lH 

CS to Output Hi-Z 

1 0 kn with 60 pF, fcLK = 5 MHz 


150 

ns (max) 

lOH 

CS to Output Hi-Z 

10 kn with 60 pF, fcLK = 5 MHz 


130 

ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Converter Electrical 
Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not 
operated under the listed test conditions. 

Note 2: All voltages are measured with respect to ground, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < GND or Vjn > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. 

Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 30 mA. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), ©ja 
( package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temjjerature is 
Pomax = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. The table below details Tjmax and ©ja for the various 
packages and versions of the DAC1 054. 


Part Number 

Tjmax (“C) 

©JA(”C/W) 

DAC1054CIN 

125 

42 

DAC1054C1WM 

125 

57 


Note 6: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Production Reliability” of the section titled “Surface Mount” found in any current Linear 
Databook for other methods of soldering surface mount devices. 

Note 8: Typicals are at Tj = 25'’C and represent most likely parametric norm. 

Note 9: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: A monotonicity of 10 bits for the DAC1054 means that the output voltage changes in the same direction (or remains constant) for each increase in the 
input code. 

Note 11: Integral linearity error is the maximum deviation of the output from the line drawn between zero and full-scale (excluding the effects of zero error and full- 
scale error). 

Note 12: Full-scale error is measured as the deviation from the ideal 2.800V full-scale output when Vref = 2.650V and Vbias ~ T400V. 

Note 13: Full-scale error tempco and zero error tempco are defined by the following equation: 

r- . [ Error (Tmax) - Error (Twin) 1 f 106 ] 

E™„empco = [ J 

where Error (Tmax) 'S the zero error or full-scale error at Tmax ('n volts), and Error (Tmin) is the zero error or full-scale error at T^in (in volts): Vspan 's the output 

voltage span of the DAC1 054, which depends on Vbias and Vref- 

Note 14: Zero error is measured as the deviation from the ideal 0.302V output when Vref == 2.650V, Vbias = 1.400V, and the digital input word is all zeros. 
Note 15: Power Supply Sensitivity is the maximum change in the offset error or the full-scale error when the power supply differs from its optimum 5V by up to 
0.50V (10%). The load resistor Rl = 2 kn. 

Note 16: Positive or negative settling time is defined as the time taken for the output of the DAC to settle to its final full-scale or zero output to within ±0.5 LSB. 
This time shall be referenced to the 50% point of the positive edge of CS, which initiates the update of the analog outputs. 

Note 17: Digital crosstalk is the glitch measured on the output of one DAC while applying an all Os to all 1 s transition at the input of the other DACs. 

Note 18: All DACs have full-scale outputs latched and Dl is clocked with no update of the DAC outputs. The glitch is then measured on the DAC outputs. 

Note 19: Clock feedthrough is measured for each DAC with its output at full-scale. The serial clock is then applied to the DAC at a frequency of 10 MHz and the 
glitch on each DAC full-scale output is measured. 

Note 20: Channel-to-channel isolation is a measure of the effect of a change in one DAC’s output on the output of another DAC. The Vref of the first DAC is varied 
between 1 .4V and 2.65V at a frequency of 1 5 kHz while the change in full-scale output of the second DAC is measured. The first DAC is loaded with all Os. 
Note 21: Glitch energy is the difference between the positive and negative glitch areas at the output of the DAC when a 1 LSB digital input code change is applied 
to the input. The glitch energy will have its largest value at one of the three major transitions. The peak value of the maximum glitch is separately specified. 
Note 22: Power Supply Rejection Ratio is measured by varying AVcc = DVcc between 4.50V and 5.50V with a frequency of 10 kHz and measuring the proportion 
of this signal imposed on a full-scale output of the DAC under consideration. 

Note 23: The bandgap reference tempco is defined by the largest value from the following equations: 

n- X r Vref (Tmax) - Vref (Troom)I f lo® InrTnmnmrT ^ r Vref (Tmin) - Vref (Troom)I f 10® 1 

Tempco (Tmax) =[ Vphf(Troom) J “ I i 

Where Trqom = 25“C, Vref (Tmax) is the reference output at Tmax. and similarly for Vref (Tmin) and Vref (Troom)- 
Note 24: A Military RETS specification is available upon request. 
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Typical Converter Performance Characteristics 


Zero Error vs 


Full-Scale Error 


Temperature 



vs Temperature 



Supply Current 
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Integral Non-Linearity 
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TL/H/1 1437-2 


Typical Reference Performance Characteristics 


Bandgap Voltage 
vs Temperature 



TEMPERATURE i°C) 


Line Regulation 
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TL/H/1 1437-3 


TL/H/1 1437-4 



TRI-STATE Test Circuits and Waveforms 




Wcc 


DVcc 


QY 

1 


> lokn 

CS 

4 


DO 

1 DATA 


GND ^ 



OUTPUT 


DVrr 

'nr' 


= SOnF 

DATA 

cc 


Timing Waveforms 

Data Input Timing 



CS 50% 

— 



Data Output Timing 



Timing Diagrams 


10 111 |12 |13 |14 |I5 16 


W 1 


n 

HiIH HliMH 



Settled to 1/2 LSB 

TL/H/11437-11 


FIGURE 1. Write to One DAC with Update of Output (AU = 1), 10 MHz Maximum CLK Rate 
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Block Diagram 



TL/H/11437-15 


Pin Description 

V 0 UTI (2), The voltage output connections of the 

VouT2(23), four DACS. These provide output 
VoUT3(1 7), voltages In the range 0.3V-2.8V. 

VoUT4(13) 


VrefOUT(21 ) The internal voltage reference output. 

The output of the reference is 2.65V 
± 2 %. 


VbIASi(3). 

VbIAS2(24), 

VbIAS3(16), 

VbIAS4(15) 

AGND(20). 

DGND(5) 

DVcc(4, 6). 
AVcc(19) 


The non-inverting inputs of the 4 output 
amplifiers. These pins set the virtual 
ground voltage for the respective DACs. 
The allowed range is 0.3V- 1 .4V. 

The analog and digital ground pins. 

The digital and analog power supply 
pins. The power supply range of the 
DAC1054 is 4.5V-5.5V. To guarantee 
accuracy, It is required that the AVcc 
and DVcc pins be bypassed separately 
with bypass capacitors of 1 0 juiF 
tantalum in parallel with 0.1 /aF ceramic. 


AD(1 1 ) When this pin Is taken low, all DAC outputs 

will be asynchronously updated. CS must 
be held high during the update. AU must be 
held high during Read back. 

Vrefi (1 ). The voltage reference inputs for the four 

Vref2(22), DACs. The allowed range Is 0V-2.75V. 

VrefsOS), 

VreF4(14) 

CS(9) The Chip Select control input. This input Is 
active low. 

CLK(8) The external clock Input pin. 

Dl(1 0) The serial data input. The data is clocked in 
MSB first. Preceding the data byte are 4 or 
6 bits of instructions. The read back 
command requires 7 bits of instructions. 

DO(7) The serial data output. The data can be 

clocked out either MSB or LSB first, and on 
either the positive or negative edge of the 
clock. 

TnT(1 2) The power interrupt output. On an 

interruption of the digital power supply, this 
pin goes low. Since this pin has an open 
drain output, a 1 0 kXl pull-up resistor must 
be connected to the supply. 
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Applications Information 

FUNCTIONAL DESCRIPTION 

The DAC1054 is a monolithic quad 10-bit digital-to-analog 
converter that is designed to operate on a single 5V supply. 
Each of the four units is comprised of an input register, a 
DAC register, a shift register, a current output DAC, and an 
output amplifier. In addition, the DAC1054 has an onboard 
bandgap reference and a logic unit which controls the inter- 
nal operation of the DAC1054 and interfaces it to micro- 
processors. 

Each of the four internal 10-bit DACs uses a modified R-2R 
ladder to effect the digital-to-analog conversion (Figure 5). 
The resistances corresponding to the 2 most significant bits 
are segmented to reduce glitch energy and to improve 
matching. The bottom of the ladder has been modified so 
that the voltage across the LSB resistor is much larger than 
the input offset voltage of the buffer amplifier. The input 
digital code determines the state of the switches in the lad- 
der network. An internal EEPROM, which is programmed at 
the factory, is used to correct for linearity errors in the resis- 
tor ladder of each of the four internal DACs. The codes 
stored in the EEPROM’s memory locations are converted to 
a current, Ieeprom. with a small trim DAC. The sum of cur- 
rents louTi snd louT2 is fixed and is given by 

/^Vref - VbiaS^ 1023 
l0UT1+l0UT2-l^ ^ 


The current output louT2. summed with the correction cur- 
rent Ieeprom. is applied to the internal output amplifier and 
converted to a voltage. The output voltage of each DAC is a 
function of Vbias. Vref. and the digital input word, and is 
given by 


Vout=2 (Vref- Vbias) Vref 

The output voltage range for each DAC is 0.3V--2.8V. This 
range can be achieved by using the internal 2.65V reference 
and a voltage divider network which provides a Vbias 
1.40V (Figure 6). In this case the DAC transfer function is 


VouT = 2.5 


(DATA) 

1024 




0.30244 


The output impedance of any external reference that is 
used will affect the accuracy of the conversion. In order that 
this error be less than LSB, the output impedance of the 
external reference must be less than 2ft. 


3R R K R R R 




''oUTI 


''0UT2 


^OUTS 


'^OUT+ 


(0.3V- 2.8V) 


(0.3V -2.8V) 


(0.3V -2.8V) 


(0.3V -2.8V) 


“ TL/H/1 1437-17 

FIGURE 6. Generating a Vbias == 1-40V from the Internal Reference, Typical Application 
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Digital Interface 

The DAC1054 has two interface modes: a WRITE mode 
and a READ mode. The WRITE mode is used to convert a 
10-bit digital input word into a voltage. The READ mode is 
used to read back the digital data that was sent to one or all 
of the DACs. The WRITE mode maximum clock rate is 
10 MHz. READ mode is limited to a 5 MHz maximum clock 
rate. These modes are selected by the appropriate setting 
of the RD/WR bit, which is part of the instruction byte. The 
instruction byte precedes the data byte at the Dl pin. In both 
modes, a high level on the Start Bit (SB) alerts the DAC to 
respond to the remainder of the input stream. 

Table I lists the instruction set for the WRITE mode when 
writing to only a single DAC, and Table II lists the instruction 
set for a global write. Bits AO and A1 select the DAC to be 
written to. The DACs are always written to MSB first. All 
DACs will be written to sequentially if the global bit (G) is 


TABLE I. WRITE Mode Instruction Set (Writing to a Singie DAC) 


SB 

rd/Wr 

G 

u 

A1 

AO 

Description 

Bit #1 

Bit #2 

Bit #3 

Bit #4 

Bit #5 

Bit #6 

1 

0 

0 

0 

0 

0 

Write DAC 1 , no update of DAC outputs 

1 

0 

0 

0 

0 

1 

Write DAC 2, no update of DAC outputs 

1 

0 

0 

0 

1 

0 

Write DAC 3, no update of DAC outputs 

1 

0 

0 

0 

1 

1 

Write DAC 4, no update of DAC outputs 

1 

0 

0 

1 

0 

0 

Write DAC 1 , update DAC 1 on ^ rising edge 

1 

0 

0 

1 

0 

1 

Write DAC 2, update DAC 2 on CS rising edge 

1 

0 

0 

1 

1 

0 

Write DAC 3, update DAC 3 on CS rising edge 

1 

0 

0 

1 

1 

1 

Write DAC 4, update DAC 4 on CS rising edge 


TABLE II. WRITE Mode Instruction Set (Writing to all DACs) 


SB 

RD/WR 

G 

U 

Description 

Bit# 1 

Bit #2 

Bit #3 

Bit #4 

1 

0 

1 

0 

Write all DACs, no update of outputs 

1 

0 

1 

1 

Write all DACs, update all outputs on CS rising edge 


high; DAC 1 is written to first, then DACs 2, 3 and 4 (in that 
order). For a global write bits AO and A1 of the instruction 
byte are not required (see Figure 2 timing diagram). If the 
update bit (U) is high, thenJhe DAC output(s) will be updat- 
ed on the rising edge of CS; otherwise, the new data byte 
will be placed only in the input register. Chip Select (CS) 
must remain low for at least one clock cycle after the last 
data bit has been entered. (See Figures 1 and 2) 

When the U bit is set low an asynchronous update of all the 
DAC outputs can be achieved by taking AU low. The con- 
tents of the input registers are loaded into the DAC regis- 
ters, with the update occurring on the falling edge of AU. C§ 
must be held high during an asynchronous update. 

All DAC registers will have their contents reset to all zeros 
on power up. 
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Digital Interface (continued) 






Table 111 lists the instruction set for the READ mode. By the 
appropriate setting of the global (G) and address (A1 and 
AO) bits, one can select a specific DAC to be read, or one 
can read all the DACs In succession, starting with DAC 1 . 
The R/F bit determines whether the data changes on the 
rising or the falling edge of the system clock. With the R/F 
bit high, DO goes out of TRI-STATE on the rising edge that 
occurs 1 >2 clock cycles after the end of the instruction byte; 
the data will continue to be sequentially clocked out by the 


following rising clock edges. With the R/F bit low, DO goes 
out of TRI-STATE on the falling edge that occurs 1 clock 
cycle after the end of the instruction byte; the data will con- 
tinue to be sequentially clocked by the next falling clock 
edges. The rising edge of CS returns DO to TRI-STATE. 
Read back with the R/F bit set high Is not MICROWIRE 
compatible. One can choose to read the data back MSB 
first or LSB first by setting the M/L bit. (See Figures 3 and 

4) 





TABLE lii. READ MODE Instruction Set 

SB 

RD/WR 

G 

R/F 

M/L 

A1 

AO 

Description 

Blt#1 

Bit #2 

Bit #3 

Bit #4 

Bit #5 

Bit #6 

Bit #7 

1 

1 

0 

0 

0 

0 

0 

Read DAC 1 , LSB first, data changes on the falling edge 

1 

1 

0 

0 

0 

0 

1 

Read DAC 2, LSB first, data changes on the falling edge 


1 

0 

0 

0 

1 

0 

Read DAC 3, LSB first, data changes on the falling edge 


1 

0 

0 

0 

1 

1 

Read DAC 4, LSB first, data changes on the falling edge 


1 

0 

0 

1 

0 


Read DAC 1 , MSB first, data changes on the falling edge 


1 

0 

0 

1 

0 

1 

Read DAC 2, MSB first, data changes on the falling edge 


1 

0 

0 

1 

1 

0 

Read DAC 3, MSB first, data changes on the falling edge 


1 

0 

0 

1 

1 

1 

Read DAC 4, MSB first, data changes on the falling edge 

B 

1 

0 

1 

0 

0 

0 

Read DAC 1 , LSB first, data changes on the rising edge 

mm 

1 

0 

1 

0 

0 

1 

Read DAC 2, LSB first, data changes on the rising edge 

1 

1 

0 

1 

0 

1 

0 

Read DAC 3, LSB first, data changes on the rising edge 

1 

1 

0 

1 

0 

1 

1 

Read DAC 4, LSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

0 


Read DAC 1 , MSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

0 

1 

Read DAC 2, MSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

1 

0 

Read DAC 3, MSB first, data changes on the rising edge 

1 

1 

0 

1 

1 

1 

1 

Read DAC 4, MSB first, data changes on the rising edge 


1 

1 

0 

0 

1 

0 

Read all DACs, LSB first, data changes on the falling edge 

B 

1 

1 

0 

1 

1 

0 

Read all DACs, MSB first, data changes on the falling edge 


1 

1 

1 

0 

1 

0 

Read all DACs, LSB first, data changes on the rising edge 

mm 

1 

1 

1 

1 

1 

0 

Read all DACs, MSB first, data changes on the rising edge 

Power Fail Function 

The DAC1054 powers up with the INT pin in a Low state. To 
force this output high and reset this flag, the CS pin will have 
to be brought low. When this is done the INT output will be 
pulled high again via an external 10 kft pull-up resistor. Any- 
time a power failure occurs on the DVcc line, the INT will be 
set low when power is reapplied. This feature may be used 
by the microprocessor to discard data whose integrity is in 
question. 


Power Supplies 

The DAC1054 Is designed to operate from a + 5V (nominal) 
supply. There are two supply lines, AVcc and DVcc- These 
pins allow separate external bypass capacitors for the ana- 
log and digital portions of the circuit. To guarantee accurate 
conversions, the two supply lines should each be bypassed 
with a 0.1 JU.F ceramic capacitor in parallel with a 10 |liF 
tantalum capacitor. 
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Typical Applications 


10.2k 10k 



“ TL/H/1 1437-18 

FIGURE 7. Trimming the Offset of a 5V Op Amp Whose Output is Biased at 2.5V 


16.2k 



, . . TL/H/1 1437-19 

FIGURE 8. Trimming the Offset of a Dual Supply Op Amp (V|n is Ground Referenced) 



TL/H/1 1437-20 

FIGURE 9. Bringing the Output Range Down to Ground 


3-104 





National Semi con 


duct or 


MICRO-DAC™ DAC1208/DAC1209/DAC1210/DAC1230/ 
DAC1231/DAC1232 12-Bit, jixP Compatible, 
Double-Buffered D to A Converters 


General Description 

The DAC1208 and the DAC1230 series are 12-bit multiply- 
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, Z-80, 
etc.). Double buffering input registers and associated con- 
trol lines allow these DACs to appear as a two-byte “stack” 
in the system’s memory or I/O space with no additional in- 
terfacing logic required. 

The DAC1208 series provides all 12 Input lines to allow sin- 
gle buffering for maximum throughput when used with 16-bit 
processors. These input lines can also be externally config- 
ured to permit an 8-bit data interface. The DAC1230 series 
can be used with an 8-bit data bus directly as it internally 
formulates the 1 2-bit DAC data from its 8 input lines. All of 
these DACs accept left-justified data from the processor. 
The analog section Is a precision silicon-chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the louTi ^nd louT2 
maintaining a constant current in each ladder leg indepen- 
dent of the switch state. Special circuitry provides TTL logic 
Input voltage level compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatible DACs 
(MICRO-DACstm). For applications requiring other resolu- 
tions, the DAC1000 series for 10-bit and DAC0830 series 
for 8-blt are available alternatives. 


Features 

□ Linearity specified with zero and full-scale adjust only 

□ Direct interface to all popular microprocessors 

Q Double-buffered, single-buffered or flow through digital 
data inputs 

0 Logic Inputs which meet TTL voltage level specs (1 .4V 
logic threshold) 

m Works with ±10V reference— full 4-quadrant 
multiplication 

□ Operates stand-alone (without jaP) if desired 

□ All parts guaranteed 1 2-bit monotonic 

□ DAC1230 series is pin compatible with the DAC0830 
series 8-bit MICRO-DACs 


Key Specifications 


o Current Settling Time 

1 jas 

0 Resolution 

12 Bits 

□ Linearity (Guaranteed 


over temperature) 

10, 11, or 12 Bits of FS 

□ Gain Tempco 

1.3 ppm/“C 

o Low Power Dissipation 

20 mW 

□ Single Power Supply 

5 Vdc to 15 Vdc 


Typical Application 



TL/H/5690-1 
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

(Notes 1 and 2) 


Supply Voltage (Vcc) 

Voltage at Any Digital Input 
Voltage at Vref Input 
Storage Temperature Range 
Package Dissipation at Ta= 25°C 
(Note 3) 

DC Voltage Applied to louTl or louT2 
(Note 4) 

ESD Susceptability 


17Vdc 
Vcc GND 
±25V 

-65°Cto +150°C 
500 mW 


-100 mV to Vcc 
800V 


Operating Conditions 

Lead Temperature (Soldering, 1 0 sec.) 300°C 


Temperature Range Tmin ^ Ta ^ Tmax 

DAC1208LCJ, DAC1209LCJ, 

DAC1210LCJ, DAC1230LCJ, 

DAC1 231 LCJ, DAC1 232LCJ, 

DAC1231LIN, DAC1232LIN -40“C ^ Ta ^ +85“C 
DAC1208LCJ-1, DAC1210LCJ-1, 

DAC1230LCJ-1. DAC1231LCJ-1, 

DAC1232LCJ-1, DAC1231LCN, 

DAC1232LCN, DAC1231 LCWM, 

DAC1232LCWM 0“C ^ Ta ^ +70"C 


Range of Vcc 


4.75 VoctoieVoc 


Voltage at Any Digital Input 


Vcc to GND 


Electrical Characteristics 

Vref =10-000 Vdc. Vcc = 11-4 Vdc to 15.75 Vdc unless otherwise noted. Boldface limits apply from Tmin to Tmax (see 
Note 13); all other limits Ta = Tj = 25°C. 





Typ 

(Note 10) 

Tested 

Design 


Parameter 

Conditions 

Notes 

Limit 
(Note 5) 

Limit 
(Note 6) 

Units 

Resolution 



12 

12 

12 

Bits 

Linearity Error 

Zero and Full-Scale 

4, 7,13 





(End Point Linearity) 

Adjusted 

DAC1208, DAC1230 



±0.018 

±0.018 

% of FSR 


DAC1209, DAC1231 



±0.024 

±0.024 

% of FSR 


DAC1210, DAC1232 



±0.050 

±0.05 

% of FSR 

Differential Non-Linearity 

Zero and Full-Scale 

Adjusted 

DAC1208, DAC1230 

4, 7,13 


±0.018 

±0.018 

% of FSR 


DAC1209, DAC1231 



±0.024 

±0.024 

% of FSR 


DAC1210, DAC1232 



±0.050 

±0.05 

% of FSR 

Monotonicity 


4 

12 

12 

12 

Bits 

Gain Error (Min) 

Using Internal RFb 

7 

-0.1 

0.0 


% of FSR 

Gain Error (Max) 

Vref = ± 10V, ± IV 

7 

-0.1 

-0.2 


% of FSR 

Gain Error Tempco 


7 

±1.3 


±6.0 

ppm of FS/^C 

Power Supply Rejection 

All Digital Inputs 

Latched High 

7 

±3.0 

±30 


ppm of FSR/V 

Reference Input Resistance (Min) 


13 

15 

10 

10 

kn 

Reference Input Resistance (Max) 


15 

20 

20 

Output Feedthrough Error 

Vref = 20 Vp-p,f=100 kHz 
All Data Inputs Latched 

Low 

9 

3.0 



mVp-p 

Output Capacitance 

All Data Inputs Iquti 




200 

PF 


Latched High louT 2 




70 

PF 


All Data Inputs Iquti 




70 

pF 


Latched Low louT 2 




200 

pF 
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Electrical Characteristics (Continued) 

Vref = 10.000 Vdc. Vcc =11.4 Vdc to 15.75 Vdc unless otherwise noted. Boldface limits apply from Tmin to Tmax (see 
Note 13); all other limits Ta = Tj = 25“C. 



AC CHARACTERISTICS 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless othenvise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iquti and louT2 niust go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vos^^ Vref- For 
example, if Vref = 10V then a 1 mV offset, Vqs. on Iquti or Iout2 will Introduce an additional 0.01% linearity error. 

Note 5: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 6; Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. Guaranteed for Vqq = 11.4V to 15.75V 
and Vref = -10V to + 10V. 

Note 7: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
Vref value to indicate the true performance of the part. The Linearity Error specification of the DAC1208 is 0.012% of FSR(max). This guarantees that after 
performing a zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% X Vref of a straight line which passes through 
zero and full-scale. The unit ppm of FSR(parts per million of full-scale range) and ppm of FS(parts per million of full-scale) are used for convenience to define specs 
of very small percentage values, typical of higher accuracy converters. In this instance, 1 ppm of FSR=Vref/10® is the conversion factor to provide an actual 
output voltage quantity. For example, the gain error tempco spec of ±6 ppm of FS/^C represents a worst-case full-scale gain error change with temperature from 
-40»C to +85*C of ±(6)(Vref/106)(125"C) or ±0.75 (10-3) Vref which is ±0.075% of Vref- 

Note 8: This spec implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tyy) of 320 ns. A typical part will operate with tw of only 
100 ns. The entire write pulse must occur within the valid data interval for the specified 1os> lOH snd ts to apply. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 

Note 10; Typicals are at 25*0 and represent the most likely parametric norm. 

Note 11; A 10 nA leakage current with RFb=20k and Vref= 10V corresponds to a zero error of (10X10“9X20X103)X100% 10V or 0.002% of FS. 

Note 12: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 13: Tested limit for -1 suffix parts applies only at 25*C. 


Connection Diagrams 


Dual-ln-Line Package 


Dual-ln-Line Package 




See Ordering Information 
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Switching Waveforms 
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Typical Performance Characteristics 
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Definition of Package Pinouts 

CONTROL SIGNALS (all control signals are level actuated) 
Chip Select (active low). The US will enable WR1. 
WR1: Write 1 . The active low WR1 is used to load the digital 
data bits (Dl) int o the input latch. The data in the input latch 
is latched when WR1 is high. The 12-bit input latch is split 
into two latches. One h olds the first 8 bits, while the other 
holds 4 bits. The Byte 1/B yte 2 co ntrol pin is used to select 
both latches when Byte 1 /Byte 2 is high or to overwrite the 
4-bit input latch when in the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control is 
high, all 12 locations of the input latch are enabled. When 
low, only the four least significant locations of the input latch 
are enabled. 

WR2: Write 2 (active low). The W^ will enable XF^. 
XFER: Transfer C ontro l Signal (active low). This signal, in 
combination with WR2, causes the 12-bit data which is 
available in the Input latches to transfer to the DAC register. 
Dig to Dili: Digital Inputs. Dig is the least significant digital 
input (LSB) and Dl-it is the most significant digital input 
(MSB). 

louTi- DAC Current Output 1. louTi is a maximum for a 
digital code of all Is in the DAC register, and is zero for all 
Os in the DAC register. 

I 0 UT 2 : DAC Current Output 2. louT2 'S a constant minus 
• 0 UTI. or louTi + ioUT2= constant (for a fixed reference 
voltage). This constant current is 

divided by the reference input resistance. 

Rpb: Feedback Resistor. The feedback resistor is provided 
on the IC chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an external resistor) since it matches the resistors in 
the on-chip R-2R ladder and tracks these resistors over 
temperature. 

Vref: Reference Voltage Input. This input connects an ex- 
ternal precision voltage source to the internal R-2R ladder. 
Vref can be selected over the range of 10V to —10V. This 
Is also the analog voltage Input for a 4-quadrant multiplying 
DAC application. 

Vcc- Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Vqc to 1 5 Vdc- Operation Is 
optimum for 1 5 Vdc- 

GND: Pins 3 and 12 of the DAC1208, DAC1209, and 
DAC1210 must be connected to ground. Pins 3 and 10 of 



a) End Point Test After Zero 
and FS Adjust 


the DAC1230, DAC1231, and DAC1232 must be connected 
to ground. It is important that IquTi and I 0 UT 2 are at ground 
potential for current switching applications. Any difference 
of potential (Vqs on these pins) will result in a linearity 
change of 

Vqs 
3 Vref 

For example, if Vref = 10V and these ground pins are 9 
mV offset from IqliTi and I 0 UT 2 * linearity change will be 
0.03%. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1208 has 212 or 4096 steps and therefore 
has 12-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity Is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
Is the time required from a code transition until the DAC 
output reaches within + LSB of the final output value. 
Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1208 or DAC1230 series, full-scale is 
Vref~1 LSB. For Vref= 10V and unipolar operation, 
Vfull-SCALE = 10.0000V -2.44 mV=9.9976V. Full-scale 
error is adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital Input code, then the DAC is monotonic. A 1 2-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 



b) Shifting FS Adjust to Pass 
Best Straight Line Test 
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Application Hints 

1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic lev- 
el convention of the input control signals allow the DACs to 
be treated as a typical memory device or I/O peripheral with 
no external logic required in most systems. Essentially 
these DACs can be mapped as a two-byte stack in memory 
(or I/O space) to receive their 12 bits of input data in two 
successive 8-bit data writing sequences. The DAC1230 se- 
ries is intended for use in systems with an 8-bit data bus. 
The DAC1208 series provides all 12 digital input lines which 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directly from a 1 6-bit data bus. 


All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility independent of the applied Vcc to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels In non-microprocessor based systems. To pre- 
vent damage to the chip from static discharge, all unused 
digital inputs should be tied to Vcc or ground. As a trouble- 
shooting aid, if any digital input is inadvertently left floating, 
the DAC will interpret the pin as a logic “1”. 

Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching R- 
2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 1 and 2 show the internal data regis- 
ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shown in sections 1.1, 1.2 
and 1 .3 for three possible control modes. The method used 
depends strictly upon the particular application. 



Vref 

■0UT2 

•OUTI 

Rph 

Vcc 

GND 

GND 


FIGURE 1. DAC1208, DAC1209, DAC1210 Functional Diagram 
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FIGURE 2. DAC1230, DAC1231, DAC1232 Functional Diagram 
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Application Hints (Continued) 

1.1 Automatic Transfer 

The 1 2-bit DAC word is automatically transferred to the DAC register and the R-2R ladder when the second write (the 4 LSBs of 
the data) occurs. 
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1.2 Independent Processor Transfer Control 

In this case a separate address is decoded to provide the XFER signal. This allows the processor to load the next required DAC 
word but not change the analog output until some time later, most useful for the simultaneous updating of several DACs in a 
system where their XFER lines would be tied together. 
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1.3 Transfer via an External Strobe 

This method is basically the same as the previous operation except the XFER signal is provided by a device other than the 
processor. This allows the DAC to hold the code for a conditional analog output signal which will be required on demand from an 
external monitoring device (an analog voltage comparator for instance). 
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Application Hints (Continued) 

1.4 Left-Justified Data Format 

It is important to realize that the input registers of these 
DACs are arranged to accept a left-justified data word from 
the microprocessor with the most significant 8 bits coming 
first (Byte 1) and the lower 4 bits second. Left justification 
simply means that the binary point is assumed to be located 
to the left of the most significant bit. Figure 3 shows how the 
1 2 bits of DAC data should be arranged in 2 8-bit registers 
of an 8-bit processor before being written to the DAC. 



BYTE 1 BYTE 2 

TL/H/5690-10 

X = don’t care 

FIGURE 3. Left-Justified Data Format 


1.5 16-Bit Data Bus Interface 

The DAC 1208 series provides all 12 digital Input lines to 
permit a direct parallel interface to a 16-bit data bus. In this 
Instance, double buffering Is not always necessary (unless a 
simultaneous updating of several DACs or a data transfer 
via an external strobe is desired) so the 1 2-bit DAC register 
can be wired to flow-through whereby its Q outputs always 
reflect the state of its D inputs. The external connections 
required and the timing diagram for this single buffered ap- 
plication are shown in Figure 4. Note that either left or right- 
justified data from the processor can be accommodated 
with a 1 6-bit data bus. 

1.6 Flow-Through Operation 

Through primarily designed to provide microprocessor Inter- 
face compatibility, the MICRO-DACs can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 


Interface Timing 



- ( »AUD > — 


ANALOG OUTPUT \ ^ ''^ANALOG OUTPUT 

UPDATED \ / LATCHED 

XFER and WR2 grounded; Byte 1 /Byte 2 tied to Vcc- 

FIGURE 4. 16-Bit Data Bus Interface for the DAC 1208 Series 
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Application Hints (Continued) 

cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up/down counter, or In 
function generation circuits where a ROM is continuously 
providing DAC data. 

Only the DAC1208, DAC1209, DAC1210 devices can have 
all 1 2 inpu ts flow-through. Si mply g rounding CS, WR1, WR2 
and XFER and tying Byte 1 /Byte 2 high allows both internal 
registers to follow the applied digital inputs (flow-through) 
and directly affect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO-DACs into system ROM 
space to allow more efficient use of existing address decod- 
ing hardware. The DAC in effect can share the same ad- 
dresses of any number of ROM locations! The ROM outputs 
will only be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC will only accept data 
that is written to the same address (gated by the system 
WRITE strobe). 

The Byte 1 / Byte 2 control function can easily be generated 
by the processor’s least significant address bit (AO) by plac- 
ing the DAC at two consecutive address locations and utiliz- 
ing double-byte WRITE instructions which automatically in- 
crement or decrement the address. The CS and XFER sig- 
nals can then be decoded from the remaining address bits. 
Care must be taken in selecting the actual address used 
for Byte 1 of the DAC to prevent a carry (as a result of 


incrementing the address for Byte 2) from propagating 
through the add ress w ord and changing any of the bits de- 
coded for CS or XFER. Figure 5 shows how to prevent this 
effect. 

The same problem can occur from a borrow when an auto- 
decremented address is used; but only if the processor’s 
address outputs are inverted before being decoded. 

1.8 Control Signal Timing 

When interfacing these MICRO-DACs to any microproces- 
sor, there are two important time relationships that must be 
consi dere d to insure proper operation. The first is the mini- 
mum WR strobe pulse width which is specified as 320 ns for 
Vcc=11-4V to 15.75V and operation over temperature, but 
typically a pulse width of only 250 ns Is adequate. A second 
consideration is that the guaranteed minimum data hold 
time of 90 ns should be met or erroneous data can be 
latched. This hold time is defined as the length of time data 
must be held valid on the digital inputs after a qualified (via 
CS) WR strobe makes a low to high transition to latch the 
applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse 
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* starting with a 0 prevents a carry on address incrementing. 
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FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 

width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 6 for an 
exemplary systern which provides a 250 ns WR strobe time 
with a data hold time of only 10 ns. 

The proper data set-up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus for 
the duration of the DAC WR strobe. 

1.9 Pigital Signal Feedthrough 

A typical microprocessor is a tremendous potential source 
of high frequency noise which can be coupled to sensitive 
analog circuitry. The fast edges of the data and address bus 
signals generate frequency components of 10’s of mega- 
hertz and may cause fast transients to appear at the DAC 
output, even when data is latched internally. 

In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 


easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its feedback capacitor, 
in applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible, in this event, 
digital signals can be completely Isolated from the DAC 
circuitry, by the use of a DM74LS374 latch, until a valid 
CS signal is applied to update the DAC. This is shown in 
Figure 7. 

A single TRI-STATE® data buffer such as the DM81 LS95 
can be used to isolate any number of DACs In a system. 
Figure 8 shows this isolating circuitry and decoding hard- 
ware for a multiple DAC analog output card. Pull-up resis- 
tors are used on the buffer outputs to limit the Impedance at 
the DAC digital inputs when the card i s not selected. A 
unique feature of this card is that the DAC XFER strobes are 
controlled by the data bus. This allows a very flexible update 
of any combination of analog outputs via a transfer word 
which would contain a zero in the bit position assigned to 
any of the DACs required to change to a new output value. 



3-114 




3-115 


DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232 





DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232 


Application Hints (Continued) 


2.0 ANALOG APPLICATIONS 

The analog output signal for these DACs is derived from a 
conventional R-2R current switching ladder network. A de- 
tailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output loun Pro- 
vides a current directly proportional to the product of the 
applied reference voltage and the digital input word. A sec- 
ond output, louT2 will be a current proportional to the com- 
plement of the digital input. Specifically: 


I0UTI 


Vref ^ D . 
R 4096’ 



4095 - D 
4096 


where D is the decimal equivalent of the applied 1 2-bit bina- 
ry word (ranging from 0 to 4095), Vref 's the voltage ap- 
plied to the Vref terminal and R is the internal resistance of 
the R-2R ladder. R is nominally 15 kft. 


2.1 Obtaining a Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential (0 
Vdc) as possible. With Vref= + 10V every millivolt appear- 
ing at either Iquii or •0UT2 will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 9. 


The inverting input of the op amp is a virtual ground created 
by the feedback from its output through the internal 1 5 kn 
resistor, Rpb- All of the output current (determined by the 
digital input and the reference voltage) will flow through RFb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of Vref thus causing 
Iquti fo flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to Iqliti ^Fb ^Rcl is the opposite polarity of the ref- 
erence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to -FIOV. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage Is always less than the applied refer- 
ence voltage. The Vref terminal of the device presents a 
nominal Impedance of 1 5 kft to ground to external circuitry. 
Always use the internal RFb resistor to create an output 
voltage since this resistor matches (and tracks with temper- 
ature) the value of the resistors used to generate the output 
current (Iquti)- 

The selected op amp should have as low a value of Input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FETTM op amps are highly recommended for use 
with these DACs because of their very low input current. 


FULL-SCALE ADJUST 



FIGURE 9. Unipolar Output Configuration 
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Application Hints (Continued) 

Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, Rpb. and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 9, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

2.1.1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near 0 Vdc as possible. 
This is accomplished by shorting out Rpb. the amplifier feed- 
back resistor, and adjusting the vqs nulling potentiometer of 
the op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if Iquti is 
driving the op amp (all ones for louT2)- The short around 
Rpb is then removed and the converter is zero adjusted. 

A unique feature of this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of how close the value of the 


Internal feedback resistor, Rpb, matches the R-2R ladder 
resistors. A negative gain error indicates that Rpb is a small- 
er resistance value than it should be. To adjust this gain 
error, some resistance must always be added in series with 
Rpb- The 50n potentiometer shown is sufficient to adjust 
the worst-case gain error for these devices. 

2.2 Bipolar Output Voltage from a Fixed Reference 

The addition of a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in effect, gives sign significance to the MSB of 
the digital input word to allow two quadrant multiplication of 
the reference voltage. The polarity of the reference can also 
be reversed to realize full 4-quadrant multiplication. This cir- 
cuit is shown in Figure 10. 

This configuration features several Improvements over ex- 
isting circuits for a bipolar output shown with other multiply- 
ing DACs. Only the offset voltage of amplifier 1 affects the 
linearity of the DAC. The offset voltage error of the second 
op amp (although a constant output error) has no effect on 
linearity. In addition, this configuration offers a non-interac- 
tive positive and negative full-scale calibration procedure. 


(■^FULL-SCALE 
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Ideal Vqut 

+ Vref 

-Vref 

111111111111 

Vref -1 l-SB 

-IVrefI H-1 LSB 

110000000000 

Vref/2 

-|VrefI/2 

100000000000 

0 

0 

011111111111 

-1 LSB 

+ 1 LSB 

001111111111 

_yREF_^LSB 

2 

+ 1 LSB 

2 

000000000000 

“Vref 

+ |VrefI 


FIGURE 10. Bipolar Output Voltage Configuration 
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Application Hints (Continued) 

2.2.1 Zero and Full-Scale Adjustments 

To calibrate the bipolar output circuit, three adjustments are 
required. The first step is to set all of the digital inputs LOW 
(to force I 0 UTI to 0) then null the Vqs of amplifier 1 by 
setting the voltage at its inverting input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust “-full- 
scale adjust”, the reference voltage, for Vout= ± |Vref id- 
eal |. The polarity of the output voltage at this time will be 
opposite that of the applied reference. Finally, set all of the 
digital inputs HIGH and adjust “ + full-scale adjust” for 


The polarity of the output will be the same as that of the 
reference voltage. 

3.0 APPLICATION IDEAS 

In this section the digital Input word Is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value between 0 
and 4095. 


VouT = Vref 


2047 

2048' 


Composite Amplifier for Good DC Characteristics and Fast Output Response 


±iov 

REFERENCE 


Vcc 


Vref 


low Vqs drift and low 
bias current of the 
LM1 1 with the fast 
response of the LF351. 

’ Settling time ~ 8 jLiS 
for a zero to full- 
scale transition 


RFb 


{3,12 

• Combines the low Vqs. 





ii 


1 



OVquT 


High Voltage, Power DAC 
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Application Hints (Continued) 

High Current Controller 


5V-50V 



TL/H/5690-18 


8-Bit Course, 4-Blt Vernier DAC 
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Ordering Information 


Part Number 

Non-Linearity 

Package 

Temperature 

Range 

DAC1208LCJ 

0.018% 

J24A Cerdip 

-40°Cto+85“C 

DAC1208LCJ-1 

0.018% 

J24A Cerdip 

0°C to + 70°C 

DAC1209LCJ 

0.024% 

J24A Cerdip 

-40“Cto +85°C 

DAC1210LCJ 

0.050% 

J24A Cerdip 

-40“Cto+85°C 

DAC1210LCJ-1 

0.050% 

J24A Cerdip 

0°Cto+70°C 

DAC1230LCJ 

0.018% 

J20A Cerdip 

-40"Cto+85“C 

DAC1230LCJ-1 

0.018% 

J20A Cerdip 

0“Cto +70“C 

DAC1231LCJ 

0.024% 

J20A Cerdip 

-40°Cto +85‘’C 

DAC1231LCJ-1 

0.024% 

J20A Cerdip 

0"Cto+70”C 

DAC1231LCN 

0.024% 

N20A Plastic 

0“Cto+70"C ; 

DAC1231LCWM 

0.024% 

M20B SO 

0°Cto +70"C 

DAC1231LIN 

0.024% 

N20A Plastic 

-40°Cto +85"C 

DAC1232LCJ 

0.050% 

J20A Cerdip 

-40°Cto +85“C 

DAC1232LCJ-1 

0.050% 

J20A Cerdip 

0°Cto +70°C 

DAC1232LCN 

0.050% 

N20A Plastic 

0"Cto4-70°C 

DAC1232LCWM 

0.050% 

M20B SO 

O^Cto +70°C 

DAC1232LIN 

0.050% 

N20A Plastic 

-40°Cto +85°C 
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National Semiconductor 


DAC1218/DAC1219 

12=Bit Binary Multipiying D/A Converter 


General Description 

The DAC1218 and the DAC1219 are 12-bit binary, 4-quad- 
rant multiplying D to A converters. The linearity, differential 
non-linearity and monotonicity specifications for these con- 
verters are all guaranteed over temperature. In addition, 
these parameters are specified with standard zero and full- 
scale adjustment procedures as opposed to the Impractical 
best fit straight line guarantee. 

This level of precision is achieved though the use of an 
advanced silicon-chromium (SiCr) R-2R resistor ladder net- 
work. This type of thin-film resistor eliminates the parasitic 
diode problems associated with diffused resistors and al- 
lows the applied reference voltage to range from -25V to 
25V, independent of the logic supply voltage. 

CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and mini- 
mize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible input 
threshold voltages over the full operating supply voltage 
range. 

The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter to 


a microprocessor bus is desirable, the DAC1208 and 
DAC1230 series eliminate the need for additional interface 
logic. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

B Works with ± 1 0V reference — ^full 4-quadrant 
multiplication 

B All parts guaranteed 12-bit monotonic 


Key Specifications 


B Current Settling Time 

1 JLlS 

B Resolution 

12 Bits 

0 Linearity (Guaranteed 

12 Bits (DAC1218) 

over temperature) 

11 Bits (DAC1219) 

0 Gain Tempco 

1 .5 ppm/"C 

0 Low Power Dissipation 

20 mW 

B Single Power Supply 

5 Vdc to 15 Vdc 


Typicai Application 



where: AN = 1 if digital input is high 
AN = 0 if digital input is low 


Connection Diagram 


Dual-ln-Line Package 



Rpb 

Vref 

Vcc 

A12 (LSB) 

All 

A10 

A9 

A8 

A7 


TL/H/5691-15 

Top View 


Ordering Information 


Temperature Range 

OX to +70X 

-40X to +85X 

Package Outline 

Non 

Linearity 

0.012% 

DAC1218LCJ-1 

DAC1218LCJ 

J18ACerdip 

0.024% 


DAC1219LCJ 

J18A Cerdip 
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Operating Conditions 

Temperature Range 
DAC1218LCJ, DAC1219LCJ 
DAC1218LCJ-1 
Range of Vcc 
Voltage at Any Digital Input 


TmIN ^ Ta ^ TmaX 
■40"C ^ Ta ^ +85"C 
0"C ^ Ta ^ 70“C 
5 Vdc to 16 Vdc 
V cc to GND 


Absoiute Maximum Ratings (Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 7 Vdc 

Voltage at Any Digital Input Vcc to GND 

Voltage at Vref input ±25V 

Storage T emperature Range - 65®C to + 1 50®C 

Package Dissipation at Ta= 25‘’C (Note 3) 500 mW 

DC Voltage Applied to louTi o*' ioUT2 — 1 00 mV to Vcc 
(Note 4) . 

Lead Temp. (Soldering, 10 seconds) 300*C 

ESDSusceptibility (Note 11) 800V 

Electrical Characteristics 

Vref = 10.000 Vdc. Vcc = ‘•‘i-^ Vdc to 15.75 Vdc unless otherwise noted. Boldface limits apply from Tmin to Tmax (see 
Note 9); all other limits Ta = Tj = 25°C. 





Typ 

Tested 

Design 


Parameter 

Conditions 

Notes 

Limit 

Limit 

Units 




(Note 10) 

(Note 11) 

(Note 12) 


Resolution 



12 

12 

12 

Bits 

Linearity Error 

Zero and Full-Scale 






(End Point Linearity) 

Adjusted 

DAC1218 

m 


± 0.018 

± 0.018 

%ofFSR 


DAC1219 



± 0.024 

± 0.024 

% of FSR 

Differential Non-Linearity 

Zero and Full-Scale 

Adjusted 

DAC1218 



± 0.018 

± 0.018 

% of FSR 


DAC1219 



± 0.024 

± 0.024 

% of FSR 

Monotonicity 


4 

12 

12 

12 

Bits 

Gain Error (Miri) 

Using Internal Rpb. 

5 

-0.1 

0.0 


% of FSR 

Gain Error (Max) 

Vref = ±10V, ±1V 

5 

-0.1 

-0.2 


% of FSR 

Gain Error Tempco 


5 

±1.3 


± 6.0 


Power Supply Rejection 

All Digital Inputs High 

5 

±3.0 

±30 


ppm of FSR/V 

Reference Input Resistance 

(Min) 

9 

15 

10 

10 

kft 


(Max) 

9 

15 

20 

20 

kft 

Output Feedthrough Error 

Vref = 1 20 Vp-p, f = 1 00 kHz 
All Data Inputs Low 


3.0 



mVp-p 

Output Capacitance 

All Data Inputs Iquti 




200 

PF 


High loUT 2 




70 

PF 


All Data Inputs louTi 




70 

pF 


Low IOUT2 




200 

pF 

Supply Current Drain 


9 



2.5 

mA 

Output Leakage Current 


Bl 


■■ 



•0UT1 

All Data Inputs Low 

HH 



10 

nA 

l0UT2 

All Data Inputs High 



■Qi 

10 

nA 

Digital Input Threshold 

Low Threshold 

H 


mm 

0.8 

Vdc 


High Threshold 




2.2 

Vdc 

Digital Input Currents 

Digital Inputs <0.8V 

H 




P-Adc 


Digital Inputs > 2.2V 





/aAdc 

ts Current Settling Time 

Rl = 1 00ft, Output Settled 
to 0.01 %, Ail Digital Inputs 
Switched Simultaneously 

■ 

1 



flS 


3-122 







































Electrical Characteristics Notes 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iquti and louT2 aiust go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vqs^ Vref- For 
example, if Vref= 10V then a 1 mV offset, Vqs. on Iquti or Iout 2 will introduce an additional 0.01% linearity error. 

Note 5: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
Vref value to indicate the true performance of the part. The Linearity Error specification of the DAC1 21 8 is 0.01 2% of FSR. This guarantees that after performing a 
zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref of a straight line which passes through zero and full- 
scale. The unit ppm of FSR (parts per million of full-scale range) and ppm of FS (parts per million of full-scale) are used for convenience to define specs of very 
small percentage values, typical of higher accuracy converters. 1 ppm of FSR=Vref/ 10® is the conversion factor to provide an actual output voltage quantity. For 
example, the gain error tempco spec of ±6 ppm of FS/’C represents a worst-case full-scale gain error change with temperature from -40“C to -f SS'C of 
±(6 )(Vref/ 106)(125*C) or ±0.75 (10-3) Vref which is ±0.075% of Vref- 

Note 6: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 

Note 7: A 10 nA leakage current with RFb=20k and Vref= 10V corresponds to a zero error of (10xi0-9x20xi03)xl00% 10V or 0.002% of FS. 

Note 8: Human body model, 100 pF discharged through 1.5 kH resistor. 

Note 9: Tested limit for - 1 suffix parts applies only at 25'’C. 

Note 10: Typicals are at 25‘’C and represent the most likely parametric norm. 

Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Design limits are guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 


Typical Performance Characteristics 



Digital Input Threshold 
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Definition of Package Pinouts 

(A1-A12): Digital Inputs. A12 is the least significant digital 
Input (LSB) and A1 is the most significant digital input 
(MSB). 

•0UT1’ DAC Current Output 1. louTi is a maximum for a 
digital input of all 1 s, and is zero for a digital input of ail Os. 
•ouT2- DAC Current Output 2. louT2 'S a constant minus 
louTi. or louTi + iouT 2 = constant (for a fixed reference 
voltage). 

Rpb: Feedback Resistor. The feedback resistor is provided 
on the IP chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an external resistor) since It matches the resistors In 
the on-chip R-2R ladder and tracks these resistors over 
temperature. 

Vref: Reference Voltage Input. This input connects to an 
external precision voltage source to the internal R-2R lad- 
der. Vref can be selected over the range of 10V to —10V. 
This is also the analog voltage input for a 4-quadrant multi- 
plying DAC application. 

Vcc: Digital Supply Voltage. This Is the power supply pin for 
the part. Vcc can be from 5 Vpc to 1 5 Vdc- Operation is 
optimum for 15 Vdc- 

GND: Ground. This is the ground for the circuit. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1218 has 212 or 4096 steps and therefore 
has 1 2-bit resolution. 

Linearity Error: Linearity error in the maximum deviation 
from a straight line passing through the endpoints of the 


a) End point test after zero and FS adjust 



DAC transfer characteristic. It is measured after adjusting 
for zero and full scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± 1/2 LSB of the final output value. 
Full-scale Error: Full-scale error is a measure of the output 
error between an Ideal DAC and the actual device output. 
Ideally, for the DAC1218 full-scale Is Vref- 1 LSB. For 
Vref=10V and unipolar operation, VpuLL- 
SCALE='*0.0000V-2.44 mV = 9.9976V. Full-scale error is 
adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 


b) Shifting FS adjust to pass best straight line test 
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Application Hints 

The DAC1218 and DAC1219 are pin-for-pin compatible with 
the DAC1220 series but feature 12 and 1 1-bit linearity spec- 
ifications. To preserve this degree of accuracy, care must 
be taken in the selection and adjustments of the output am- 
plifier and reference voltage. Careful PC board layout Is im- 
portant, with emphasis made on compactness of compo- 
nents to prevent inadvertent noise pickup and utilization of 
single point grounding and supply distribution. 

1.0 BASIC CIRCUIT DESCRIPTION 

Figure 1 illustrates the R-2R current switching ladder net- 
work used in the DAC1218 and DAC1219. As a function of 
the logic state of each digital input, the binarily weighted 
current in each leg of the ladder is switched to either Iquti 
or IouT2’ The voltage potential at Iquti and Iout2 rnust be 
at zero volts to keep the current in each leg the same, inde- 
pendent of the switch state. 

The switches operate with a small voltage drop across them 
and can therefore conduct currents of either polarity. This 
permits the reference to be positive or negative, thereby 
allowing 4-quadrant multiplication by the digital input word. 
The reference can be a stable DC source or a bipolar AC 
signal within the range of ± 1 0V, for specified accuracy, with 
an absolute maximum range of ±25V. The reference can 
also exceed the applied Vcc of the DAC. 

The maximum output current from either Iquti or Iqut2 is 
equal to 

VREF(max) / 4095 \ 

R V 40967 ’ 

where R is the reference input resistance (typically 1 5 kft). 
A high level on any digital input steers current to Iquti ^nd 
a low level steers current to Iqut2- 


2.0 CREATING A UNIPOLAR OUTPUT VOLTAGE 
(A DIGITAL ATTENUATOR) 

To generate an output voltage and keep the potential at the 
current output terminals at OV, an op amp current to voltage 
converter Is used. As shown in F/gure 2, the current from 
•ouTi fiows through the feedback resistor, forcing a propor- 
tional voltage at the amplifier output. The voltage at Iquti is 
held at a virtual ground potential. The feedback resistor is 
provided on the chip and should always be used as it 
matches and tracks the R value of the R-2R ladder. The 
output voltage is the opposite polarity of the applied refer- 
ence voltage. 

2.1 Amplifier Considerations 

To maintain linearity of the output voltage with changing 
digital input codes the input offset voltage of the amplifier 
must be nulled. The resistance from Iquti to ground 
(Riquti) varies non-llnearly with the applied digital code 
from a minimum of R with all ones applied to the input to 
near co with an all zeros code. Any offset voltage between 
the amplifier inputs appears at the output with a gain of 


Since R|quti varies with the input code, any offset will de- 
grade output linearity. (See Note 4 of Electrical Characteris- 
tics.) 

If the desired amplifier does not have offset balancing pins 
available (it could be part of a dual or quad package) the 
nulling circuit of Figure 3 can be used. The voltage at the 
non-inverting input will be set to - Vqs initially to force the 
Inverting input to OV. The common technique of summing 
current Into the amplifier summing junction cannot be used 
as it directly Introduces a zero code output current error. 



FIGURE 1. The R-2R Current Switching Ladder Network 
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Application Hints (Continued) 


FULL-SCALE 

ADJUST 



FIGURE 2. Unipolar Output Voltage 


TL/H/5691-5 



TL/H/5691-6 

FIGURE 3. Zeroing an Amplifier Which Does Not Have Balancing Provisions 


The selected amplifier should have as low an input bias 
current as possible since input bias current contributes to 
the current flowing through the feedback resistor. BI-FETtm 
op amps such as the LF356 or LF351 or bipolar op amps 
with super (i input transistors like the LM11 or LM308A pro- 
duce negligible errors. 

2.2 Zero and Full-Scale Adjustments 

The fundamental purpose is to make the output voltages as 
near 0 Vdc as possible. This is accomplished in the circuit 
of Figure 2 by shorting out the amplifier feedback resist- 
ance, and adjusting the Vqs nulling potentiometer of the op 
amp until the output reads zero volts. This is done, of 
course, with an applied digital input of all zeros if Iquti is 
driving the op amp (all ones for louT2)- The feedback short 
is then removed and the converter is zero adjusted. 

A unique characteristic of these DACs is that any full-scale 
or gain error is always negative. This means that for a full- 
scale Input code the output voltage. If not inherently correct, 
will always be less than what it should be. This ensures that 
adding an appropriate resistance in series with the internal 
feedback resistor, Rpb. will always correct for any gain error. 
The son potentiometer in Figure 2 Is all that is needed to 
adjust the worst case DAC gain error. 

Conversion accuracy is only as good as the applied refer- 
ence voltage, so providing a source that is stable over time 
and temperature Is important. 


2.3 Output Settling Time 

The output voltage settling time for this circuit in response 
to a change of the digital Input code (a full-scale change is 
the worst case) is a combination of the DAC’s output current 
settling characteristics and the settling characteristics of the 
output amplifier. The amplifier settling is further degraded by 
a feedback pole formed by the feedback resistance and the 
DAC output capacitance (which varies with the digital code). 
First order compensation for this pole is achieved by adding 
a feedback zero with capacitor Cc shown in Figure 2. 

In many applications output response time and settling is 
just as important as accuracy. It can be difficult to find a 
single op amp that combines excellent DC characteristics 
(low Vos. Vos drift and bias current) with fast response and 
settling time. BI-FET op amps offer a reasonable compro- 
mise of high speed and good DC characteristics. The circuit 
of Figure 4 illustrates a composite amplifier connection that 
combines the speed of a BI-FET LF351 with the excellent 
DC input characteristics of the LM11. If output settling time 
Is not so critical, the LM11 can be used alone. 

Figure 5 Is a settling time test circuit for the complete volt- 
age output DAC circuit. The circuit allows the settling time of 
the DAC amplifier to be measured to a resolution of 1 mV 
out of a zero to ± 10V full-scale output change on an oscil- 
loscope. Figure 6 summarizes the measured settling times 
for several output amplifiers and feedback compensation 
capacitors. 
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Application Hints (Continued) 



FIGURE 4. Composite Output Amplifier Connection 


TL/H/5691-7 



FIGURE 5. DAC Settling Time Test Circuit 


Amplifier 

Cc 

Settling Time to 0.01 % 

LM11 

20 pF 

30 jis 

LF351 

15 pF 

8 fjiS 

LF351 

30 pF 

5 jas 

Composite 

LM11-LF351 

20 pF 

8 jljls 

LF356 

15 pF 

6 fjLS 


FIGURE 6. Some Measured Settling Times 
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Application Hints (Continued) 

3.0 OBTAINING A BIPOLAR OUTPUT VOLTAGE 
FROM A FIXED REFERENCE 

The addition of a second op amp to the circuit of Figure 2 
can generate a bipolar output voltage from a fixed reference 
voltage {Figure 7). This, in effect gives sign significance to 
the MSB of the digital input word to allow two quadrant mul- 
tiplication of the reference voltage. The polarity of the refer- 
ence voltage can also be reversed to realize full 4-quadrant 
multiplication. 

The output responds in accordance to the following expres- 
sion: 

{D - 2048\ 

Vo = Vref j. 0 ^ D ^ 4095 


where D is the decimal equivalent of the true binary input 
word. This configuration inherently accepts a code (half- 
scale or D=2048) to provide OV out without requiring an 
external Va LSB offset as needed by other bipolar multiply- 
ing DAC circuits. 

Only the offset voltage of amplifier A1 need be nulled to 
preserve linearity. The gain setting resistors around A2 must 
match and track each other. A thin film, 4-resistor network 
available from Beckman Instruments, Inc. (part no. 694-3- 
R10K-D) Is ideally suited for this application. Two of the four 
resistors can be paralleled to form R and the other two can 
be used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 


MSB 




Applied 

Digital Input 




LSB 

Decimal 

Equivalent 

+ Vref 

VOUT 

-Vref 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4095 

Vref-1 lsb 

- VrefI+1 lsb 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3072 

Vref/2 

-|Vref|/2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2048 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2047 

-1 LSB 

+ 1 LSB 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1024 

~Vref/2 

+ |Vref|/2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-Vref 

+ IVrefI 


Where 1 LSB = 


IVrefI 

2048 


+FULLSCALE 

ADJUST R.Sk 



*0.1 % matching TL/H/5691-9 

FIGURE 7. Obtaining a Bipolar Output from a Fixed Reference 
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Application Hints (Continued) 

3.1 Zero and Full-Scale Adjustments 

The three adjustments needed for this circuit are shown in 
Figure 7. The first step is to set all of the digital Inputs LOW 
(to force I 0 UTI to 0) and then trim “zero adjust” for zero 
volts at the inverting input (pin 2) of OA1 . Next, with a code 
of all zeros still applied, adjust full-scale adjust”, the refer- 
ence voltage, for VouT = ±|(ideal Vref)I- The sign of the 
output voltage will be opposite that of the applied reference. 
Finally, set all of the digital inputs HIGH and adjust “+ full- 
scale adjust” for Vout^Vref (511/512). The sign of the 
output at this time will be the same as that of the reference 
voltage. This + full-scale adjustment scheme takes into ac- 
count the effects of the Vqs of amplifier A2 (as long as this 
offset is less than 0.1 % of Vref) and any gain errors due to 
external resistor mismatch. 


4.0 MISCELLANEOUS APPLICATION HINTS 

The devices are CMOS products and reasonable care 
should be exercised in handling them to prevent catastroph- 
ic failures due to electrostatic discharge. 

During power-up supply voltage sequencing, the negative 
supply of the output amplifier may appear first. This will typi- 
cally cause the output of the op amp to bias near the nega- 
tive supply potential. No harm is done to the DAC, however, 
as the on-chip 1 5 kfl feedback resistor sufficiently limits the 
current flow from louTi when this lead Is clamped to one 
diode drop below ground. 

As a general rule, any unused digital inputs should be tied 
high or low as required by the application. As a trouble- 
shooting aid, if any digital input is left floating, the DAC will 
interpret that input as a logical 1 level. 


Additional Application Ideas 

For the circuits shown, D represents the decimal equivalent of the binary digital input code. D ranges from 0 (for an all zeros 
input code) to 4095 (for an all ones input code) and for any code can be determined from: 

D = 2048(A1) + 1024(A2) + 512(A2) + ...2(A11) + 1(A12) 
where AN = 1 if that input is high 
AN = 0 if that input is low 


DAC Controlled Amplifier 
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Additional Application Ideas (Continued) 


Offsetting the Zero Code Output Voltage 



High Current Controller 


5V-»50V 
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Additional Application Ideas (Continued) 


DAC Controlled Function Generator 


15V 



Digitally Programmable Pulse-Width Generator 
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National Semiconductor 

Voltage Reference Selection Guide 

Shunt Type 

Reverse Breakdown 
Voltage (Vr) 

Device 

Operating 

Temp. 

Range* 

Voltage 
Tolerance 
Max,TA = 25°C 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

1.2** 

LM4041A-1.2 

1 

±0.1% 

100 

-40“Cto +85"C 

60 jaA to 12 mA 

1.5 Max 

1.2** 

LM4041B-1.2 

1 

±0.2% 

100 

-40°Cto +85“C 

60 /xA to 12 mA 

1.5 Max 

1.2** 

LM4041C-1.2 

1 

±0.5% 

100 

-40'’Cto +85'’C 

60 jutA to 12 mA 

1.5 Max 

1.2** 

LM4041D-1.2 

1 

±1.0% 

150 

-40“Cto +85'’C 

65 /xA to 12 mA 

2.0 Max 

1.2** 

LM4041E-1.2 

1 

±2.0% 

150 

-40°Cto +85“C 

65 jtxA to 12 mA 

2.0 Max 

1.22 

LM 113-2 

M 

±1% 

100 (Typ) 

-55°Cto +125"C 

500 fxA to 20 mA 

1.0 Max 

1.22 

LM113-1 

M 

±2% 

100 (Typ) 

-55‘’Cto +125“C 

500 jaA to 20 mA 

1.0 Max 

1.22 

LM113 

M 

±5% 

100 (Typ) 

-55“Cto +125'’C 

500 jaA to 20 mA 

1.0 Max 

1.22 

LM313 

C 

±5% 

100 (Typ) 

0"Cto +70“C 

500 fxA to 20 mA 

1.0 Max 

1.235 

LM185BX-1.2 

M 

±1% 

30 

-55‘’Cto +125*0 

10 ju,Ato20 mA 

1 

1.235 

LM185BY-1.2 

M 

±1% 

50 

-55*0 to +125*0 

10 jaAto20 mA 

1 

1.235 

LM185-1.2 

M 

±1% 

150 

-55*0 to +125*0 

1 0 /xA to 20 mA 

1 

1.235 

LM285AX-1.2 

1 

±0.32% 

30 

-40*0 to +85*0 

10 jLtAto20 mA 

0.2 

1.235 

LM285AY-1.2 


±0.32% 

50 

-40*0 to +85*0 

1 0 jbiA to 20 mA 

0.2 

1.235 

LM285A-1.2 

1 

±0.32% 

150 

-40*0 to +85*0 

10 jbtA to 20 mA 

0.2 

1.235 

LM285BX-1.2 

1 

±1% 

30 

-40*0 to +85*0 

10 ju,Ato20 mA 

1 

1.235 

LM285BY-1.2 

1 

±1% 

50 

-40*0 to +85*0 

10 jLiAto20 mA 

1 

1.235 

LM285-1.2 

1 

±1% 

150 

-40*0 to +85*0 

10 jxA to 20 mA 

1 

1.235 

LM385AX-1.2 

C 

±0.32% 

30 

0*0 to +70*0 

10 jLtAto20 mA 

0.2 

1.235 

LM385AY-1.2 

C 

±0.32% 

50 

0*0 to +70*0 

10 jixAto20 mA 

0.2 

1.235 

LM385A-1.2 

c 

±0.32% 

150 

0*0 to +70*0 

10 jxAto20 mA 

0.2 

1.235 

LM385BX-1.2 

c 

±1% 

30 

0*0 to +70*0 

1 5 jxA to 20 mA 

1 

1.235 

LM385BY-1.2 

c 

±1% 

50 

0*0 to +70*0 

15 jLLAto20 mA 

1 

1.235 

LM385B-1.2 

c 

± 1 % 

150 

0*0 to +70*0 

1 5 /xA to 20 mA 

1 

1.235 

LM385-1.2 

c 

+ 2%, -2.4% 

150 

0*0 to +70*0 

15 /xA to 20 mA 

1 

1.24 to 5.3 (Adj.) 

LM185B 

M 

±1% 

150 

-55*0 to +125*0 

10 jLtAto20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM185BX 

M 

±1% 

30 

-55*0 to +125*0 

1 0 jlxA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM185BY 

M 

±1% 

50 

-55*0 to +125*0 

10 jLtAto20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BX 

1 

±1% 

30 

-40*0 to +85*0 

10fxAto20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BY 

1 

±1% 

50 

-40*0 to +85*0 

1 0 jaA to 20 m A 

0.3 

1.24 to 5.3 (Adj.) 

LM285 

1 

±2% 

150 

-40*0 to +85*0 

10 jxA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385BX 

C 

±1% 

30 

0*0 to +70*0 

13 jxA to 20 mA 

0.4 

1.24 to 5.3 (Adj.) 

LM385BY 

C 

±1% 

50 

0*0 to +70*0 

13 jliA to 20 mA 

0.4 

1.24 to 5.3 (Adj.) 

LM385 

C 

±2% 

150 

0*0 to +70*0 

13 jxA to 20 mA 

0.4 

1.225V to 10V (Adj) 

LM4041D-ADJ 

1 

±0.5% 

150 

-40*0 to +85*0 

60 jliA to 12 mA 

2.0 

1.225Vto10V (Adj) 

LM4041C-ADJ 

1 

±1.0% 

100 

-40*0 to +85*0 

65 jaA to 12 mA 

2.0 

1.24 to 6.3 (Adj.) 

LM611AM 

M 

±0.6% 

80 

-55*0 to +125*0 

16 /xAto 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

tLM611M 

M 

±0.6% 

150 

-55*0 to +125*0 

16 jliA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM611AI 

1 

±0.6% 

80 

-40*0 to +85*0 

16 jixA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM611I 

1 

±2.0% 

150 

-40*0 to +85*0 

16 jxAto 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM611C 

C 

±2.0% 

150 

0*0 to +70*0 

16 jxA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

ttLM613AM 

M 

±0.6% 

80 

-55*0 to +125*0 

16 /xAto 10 mA 

0.2 



4-3 


Voltage Reference Selection Guide 







Voltage Reference Selection Guide 


Shunt Type (Continued) 

Reverse Breakdown 
Voltage (Vr) 

Device 

Operating 

Temp. 

Range* 

Voltage 
Tolerance 
Max, Ta = 25"C 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

1.24 to 6.3 (Adj.) 

ttLM613M 

M 

±2.0% 

150 

-55“Cto ±125"C 

1 6 jllA to 1 0 m A 

0.2 

1.24 to 6.3 (Adj.) 

LM613AI 

1 

±0.6% 

80 

-40°Cto ±85"C 

16 jaA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM613I 

1 

±2.0% 

150 

-40°Cto ±85^0 

16 jaA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM613C 

C 

±2.0% 

150 

0°C to ± 70“C 

16 jllA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM614AM 

M 

±0.6% 

80 

-55‘’Cto ±125“C 

16 juAto 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

$LM614M 

M . 

±2.0% 

150 

-55“Cto ±125“C 

16 /xA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM614AI 

1 

±0.6% 

80 

-40“Cto ±85“C 

16 jliA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM614I 

1 

±2.0% 

150 

-40’’C to ±85"C 

16 jliA to 10 mA 

0.2 

1.24 to 6.3 (Adj.) 

LM614C 

C 

±2.0% 

150 

0°Cto ±70“C 

16 jaA to 10 mA 

0.2 

2.49 

LM136A 

M 

± 1 % 

72 

-55°Cto ±125‘’C 

400 /xAto 10 mA 

0.4 

2.49 

LM136 

M 

±2% 

72 

-55°C to ±125‘’C 

400 juiA to 1 0 mA 

0.4 

2.49 

LM236A 

1 

±1% 

72 

-25°Cto ±85“C 

400 jllA to 10 mA 

0.4 

2.49 

LM236 

1 

±2% 

72 

-25°Cto ±85“C 

400 jllA to 1 0 mA 

0.4 

2.49 

LM336 ‘ 

1 

±4% 

54 

O^Cto ±70“C 

400 jllA to 10 mA 

0.4 

2.49 

LM336B 

C 

±2% 

54 

O^C to ± 70“C 

400 jllA to 10 mA 

0.4 

2.5** 

LM4040A-2.5 

1 

±0.1% 

100 

-40'’Cto ±85“C 

65 jllA to 1 5 mA 

0.8 Max 

2.5** 

LM4040B-2.5 

1 

±0.2% 

100 

-40°Cto ±85“C 

65 jllA to 1 5 mA 

0.8 Max 

2.5** 

LM4040C-2.5 

1 

±0.5% 

100 

-40"Cto ±85°C 

65 jllA to 1 5 mA 

0.8 Max 

2.5** 

LM4040D-2.5 

1 

±1.0%. 

150 

-40°Cto ±85“C 

70 jllA to 1 5 mA 

0.9 Max 

2.5** 

LM4040E-2.5 

1 

±2.0% 

150 

-40°Cto ±85“C 

70 jllA to 1 5 mA 

1.1 Max 

2.5** 

LM4431-2.5 

c 

±2.0% 

30 Typ. 

O^Cto ±70°C 

1 00 jllA to 1 5 mA 

1.0 

2.5 

LM9140BY-2.5 

L 

±0.5% 

25 

-40“Cto ±85“C 

60 jaA to 1 5 mA 

0.8 Max 

2.5 

LM185BX-2.5 

M 

±1.5% 

30 

-55°Cto ±125°C 

20 jllA to 20 mA 

1 

2.5 

LM185BY-2.5 

, M 

±1.5% 

50 

-55°Cto ±125'’C 

20 jllA to 20 mA 

1 

2.5 

LM185B-2.5 

M 

±1.5% 

150 

-55°Cto ±125”C 

20 jllA to 20 mA 

1 

2.5 

LM285AX-2.5 

1 

±0.8% 

30 

-40“Cto ±85°C 

20 julA to 20 mA 

0.2 

2.5 

LM285AY-2.5 

1 

±0.8% 

50 

-40°Cto ±85“C 

20 jllA to 20 mA 

0.2 

2.5 

LM285A-2.5 

1 

±0.8% 

150 

-40°Cto ±85“C 

20 jllA to 20 mA 

0.2 

2.5 

LM285BX-2.5 

1 

±1.5% 

30 

-40°Cto ±85‘’C 

20 jllA to 20 mA 

1 

2.5 

LM285BY-2.5. 

1 

±1.5% 

50 

-40°Cto ±85“C 

20 jllA to 20 mA 

1 

2.5 

LM285-2.5 

1 

±1.5% 

150 

-40°Cto ±85“C 

20 jllA to 20 mA 

1 

2.5 

LM385AX-2.5 

C 

±0.8% 

30 

-40°Cto ±85“C 

20 jllA to 20 mA 

0.2 

2.5 

LM385AY-2.5 

C 

±0.8% 

50 

-40°Cto ±85°C 

20 jllA to 20 mA 

0.2 

2.5 

LM385A-2.5 

C 

±0.8% 

150 

-40“Cto ±85“C 

20 jaA to 20 mA 

0.2 

2.5 

LM385BX-2.5 

C 

±1.5% 

30 

0°Cto ±70°C 

20 jllA to 20 mA 

1 

2.5 

LM385BY-2.5 

C 

±1.5% 

50 

0“Cto ±70“C 

20 jllA to 20 mA 

1 

2.5 

LM385B-2.5 

C 

±1.5% 

150 

0“Cto ±70“C 

20 fxA to 20 mA 

1 

2.5 

LM385-2.5 

C 

±3% 

150 

0“Cto ±70“C 

20 jllA to 20 mA 

1 , 

4.1** 

LM4040A-4.1 

1 

±0.1% 

100 

-40"Cto ±85“C 

68 jaA to 1 5 mA 

1.0 Max 

4.1** 

LM4040B-4.1 

1 

±0.2% 

100 

-40"Cto ±85“C 

68 jllA to 15 mA 

1.0 Max 

4.1** 

LM4040C-4.1 

. 1 

±0.5% 

100 

-40"Cto ±85“C 

68 jllA to 1 5 mA 

1 .0 Max 

4.1** 

LM4040D-4.1 

1 

±1.0% 

150 

-40°Cto ±85'’C 

73 jllA to 1 5 mA 

1.3 Max 

4.1 

LM9140BY-4.1 

1 

±0.5% 

25 

-40"Cto ±85"C 

68 jaA to 1 5 mA 

1 .0 Max 

5.0 

LMi36A 

M 

±1% 

72 

-55"Cto ±125'’C 

400 jaA to 1 0 mA 

1 .0 Max 

5.0 

LM136 

M 

±2% 

72 

-55‘’Cto ±125°C 

400 jllA to 1 0 mA 

1.0 Max 

5.0 

LM236A 

1 

±1% 

72 

-25°Cto ±85°C 

400 jaA to 10 mA 

1.0 Max 

5.0 

LM236 

1 

±2% . 

72 

-25‘’C to ±85“C 

400 jaA to 10 mA 

1.0 Max 

5.0 

LM336B 

C 

±2% 

54 

0°C to ±70“C 

400 jllA to 10 mA 

1 .4 Max 

5.0 

LM336 

C 

±4% 

.54 

O^Cto ±70“C 

400 jllA to 1 0 mA 

1.4 Max 

5.0** 

LM4040A-5.0 

1 

±0.1%: 

100 

-40“Cto ±85”C 

74 jllA to 1 5 mA 

1.1 Max 

5.0** 

LM4040B-5.0 

1 

±0.2% 

100 

-40°Cto ±85^0 

74 jllA to 1 5 mA 

1.1 Max 

5.0** 

LM4040C-5.0. 

1 

±0.5% 

100 

-40“C to ±85“C 

74 jllA to 1 5 mA 

1.1 Max 

1 
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Shunt Type (Continued) 


Reverse Breakdown 
Voltage (Vr) 

Device 

Operating 

Temp. 

Range=* 

Voltage 
Tolerance 
Max.TA = 25X 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

5.0*=* 

LM4040D-5.0 

1 

±1.0% 

150 

-40°Cto ±85°C 

79 jaA to 1 5 mA 

1 .5 Max 

5.0 

LM9140BY-5.0 

1 

±0.5% 

25 

-40“Cto ±85“C 

74 jaA to 1 5 mA 

1.1 Max 

6.9 

LM129A 

M 

±3%, -2% 

10 

-55°Cto ±125°C 

600 jitA to 1 5 mA 

0.6 

6.9 

LM129B 

M 

±3%, -2% 

20 

-55°Cto ±125°C 

600 juAto 15 mA 

0.6 

6.9 

LM129C 

M 

±3%, -2% 

50 

-55°Cto ±125“C 

600 jaAto 15 mA 

0.6 

6.9 

LM329A 

C 

±5% 

50 

0°Cto ±70“C 

600 jaA to 1 5 m A 

0.8 

6.9 

LM329B 

' C 

±5% 

50 

• 0'*Cto±70“C 

600 jaAto 15 mA 

0.8 

6.9 

LM329C 

C 

±5% 

20 

0"Cto ±70‘’C 

600 jaA to 1 5 mA 

0.8 

6.9 

LM329D 

C 

±5% 

100 

O^Cto ±70'’C 

600 jaAto 15 mA 

0.8 

6.95 

LM199A 

M 

±2% 

0.5 

-55'’Cto ±125'’C 

500 jaAto 10 mA 

0.5 

6.95 

LM199A-20, 

M 

Same as LM1 99A with 20 ppm guaranteed long term drift. 


6.95 

LM199 

M 

±2% 

1.0 

-55“Cto ±125°C 

500 jaA to 10 mA 

0.5 

6.95 

LM299A 

1 

±2% 

0.5 

-25"Cto ±85“C 

500 jaA to 10 mA 

0.5 

6.95 

LM299A-20 

1 

Same as LM299A with 20 ppm guaranteed long term drift. 


6.95 

LM299 

1 

±2% 

1 

-25'’Cto ±85°C 

500 jaAto 10 mA 

0.5 

6.95 

LM399A 

C 

±5% 

1 

O^Cto ±70°C 

500 jaA to 10 mA 

0.5 

6.95 

LM399A-50 

C 

Same as LM399A with 50 ppm guaranteed long term drift. 


6.95 

LM399 

c 

±5% 

2 

0°Cto ±70“C 

500 /xA to 1 0 mA 

0.5 

6.95 

LM3999 

c 

±5% 

5 

0°Cto ±70°C 

600 jaAto 10 mA 

0.6 

8 2** 

LM4040A-8.2 

1 

±0.1% 

100 

-40°Cto ±85“C 

91 jaA to 15 mA 

1.5 Max 

8.2=*=* 

LM4040B-8.2 

1 

±0.2% 

100 

-40“Cto ±85°C 

91 jaA to 15 mA 

1 .5 Max 

8.2=*=* 

LM4040C-8.2 

1 

±0.5% 

100 

-40°Cto ±85‘’C 

91 jaAto 15 mA 

1.5 Max 

8.2=*=* 

LM4040D-8.2 

1 

±1.0% 

150 

-40°Cto ±85°C 

96 jaA to 1 5 mA 

1 .9 Max 

10.0=*=* 

LM4040A-10.0 

1 

±0.1% 

100 

-40°Cto ±85“C 

100 jaA to 15 mA 

1 .7 Max 

10.0=** 

LM4040B-10.0 

1 

±0.2% 

100 

-40“Cto ±85°C 

1 00 jaA to 1 5 mA 

1.7 Max 

10.0=*=* 

LM4040C-10.0 

1 

±0.5% 

100 

-40°Cto ±85“C 

100 jaA to 15 mA 

1.7 Max 

10.0=*=* 

LM4040D-10.0 

1 

±1.0% 

150 

-40°Cto ±85“C 

110 jaA to 15 mA 

2.3 Max 

10.0 

LM9140BY-10.0 

1 

±0.5% 

25 

-40“Cto ±85“C 

1 00 jaA to 1 5 m A 

1.7 Max 


*C (Commercial) = O'C to yO^C, I (Industrial) = -25“C to +85°C for the LM236 and LM299, I = -40°C to +85'’C for all others. 
M (Military) = -55“C to +125“C 
* ’Available in SOT-23 Package. 
tLM61 1 has on-board Op Amp. 

ttLM613 has on-board Dual Op Amp and Dual Comparator. 
tLM614 has on-board Quad Op Amp. 


Current References 


Output Current 
Range 

Device 

Operating 

Temperature 

Range 

Set Current Error 

Operating 

Voltage 

Range 

Set Current 
Temperature 
Dependence* 

2 jaA to 10 jaA 

10 jaA to 1 mA 

1 mA to 5 mA 

2 jaA to 10 mA 

LM134 

-55*Cto ±125°C 

±8% 

±3% 

±5% 

IV to 40 V 

0.96Tto 0.1 04T 

2 jaA to 1 0 mA 

LM 134-3 

-55°Cto ±125°C 

N/A 

±1% 

N/A 

IV to 40 V 

0.98T to 0.1 02T 

2 jaA to 10 mA 

LM 134-6 

-55°Cto ±125°C 

N/A 

±2% 

N/A 

IV to 40 V 

0.97Tto 0.1 03T 

2 jaA to 1 0 m A 

LM234 

-25®Cto ±100°C 

±8% 

±3% 

±5 

IV to 40 V 

0.96T to 0.1 04T 

2 jaA to 10 mA 

LM234-3 

-25°Cto ±100°C 

N/A 

±1% 

N/A 

IV to 40 V 

0.98Tto0.102T 

2 jaA to 1 0 m A 

LM234-6 

-25^0 to ±100“C 

N/A 

±2% 

N/A 

IV to 40 V 

0.97T to0.103T 

2 jaA to 1 0 m A 

LM334 

O^Cto ±70°C 

±12% 

±6% 

±8% 

IV to 40 V 

0.96T to0.104T 


*Set current changes linearly with temperature at a rate of 0.33%/‘’C. 
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Series Type (Buffered Output) 


Output 

Voltage 

Device 

Oper. 

Temp. 

Range* 

Voltage 
Tolerance 
Max,TA = 25X 

Temperature 

Drift 

Load Reg. 
ppm/mA 

Operating 

Current 

Range 

Quiescent 

Current 

(mA) 

ppm/“C 

(Max) 

Over 

Range 

0.2 (Adj) 

tLMIO 

M 

±2.5% 

20typ 

-55°Cto +125‘’C 

100 

0 mA to + 1 mA 

0.27 

0.2 (Adj) 

tLMlOB 

1 

±2.5% 

20 typ 

-25"Cto +85"C 

100 

0 mA to + 1 mA 

0.27 

0.2 (Adj) 

tLMIOC 

C 

±5.0% 

30 typ 

0°Cto +70°C 

100 

0 mA to + 1 mA 

0.30 

2.5 

LM368Y-2.5 

C 

±0.2% 

20 

0°Cto +70“C 

25 

0 mAto +10 mA 

0.55 

2.5 

LM368-2.5 

C 

±0.2% 

30 

0"Cto+70“C 

25 

0 mAto +10 mA 

0.55 

5.0 

LM368BY-5.0' 

C 

±0.1% . 

20 

0“Cto +70“C 

10 

-10 mAto +10 mA 

0.35 

5.0 

LM368-5.0 

C 

, ±0.1% 

30 

0°Cto +70”C 

10 

-10 mAto +10 mA 

0.35 

10 

LM169B 

M 

±0.05% 

3 

-55"Cto +125“C 

8 

-10 mAto +10mA 

1.8 

10 

LM169 

M 

±0.05% 

5 

-55“Cto +125”C 

8 

-10 mAto +10 mA 

1.8 

10 

LH0070-2 

M 

±0.05% 

8 

-25“Cto +25'’C 

60 

0 to 5 mA 

5 

10 

LH0070-0 

M 

±0.1% 

40 

-25‘’Cto +25°C 

60 

0 mA to 5 mA 

5 

10 

LH0070-1 

M 

±0.1% 

20 

-25°Cto +25°C 

60 

0 mA to 5 mA 

5 

10 

LM369B 

C* 

±0.05% 

3 

0"Cto +70‘’C 

8 

-10 mAto +10 mA 

1.8 

10 

LM369 

C 

±0.05% 

5 

O^CXo +70^C 

8 

-10 mAto +10 mA 

1.8 

10 

LM369C 

C 

±0.05% , 

10 

0"Cto +70'’C 

8 

-10 mAto +10 mA 

1.8 

10 

LM368Y-10 

C 

±0.1% 

20 

0"Cto +70”C 

10 

-10 mAto +10 mA 

0.35 

10 

LM368-10 

C 

±0.1% 

30 

0"Cto +70“C 

10 

-10 mAto +10 mA 

0.35 

10 

LM369D 

C 

±0.1% 

30 

O'^Cto +70"C 

8 

-10 mAto +10 mA 

2 

10.24 

LH0071-2 

M 

±0.05% 

8 

-40”Cto +85‘‘C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-1 

M 

±0.1% 

20 

-40“Cto +85°C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-0 

M 

±0.1% 

40 

-25"CtO +25^0 

60 

0 mA to 5 mA 

5 


*C (Commercial) = 0“C to 70°C, I (Industrial) = -40"C to +85*C, M (Military) = -55“C to +125‘C 
tReference has on-board Op Amp. 


Low Current Reference Diodes 


Output 

Voltage 

Device 

Operating 

Temp. 

Range* 

Voltage 

Tolerance 

Max, Ta = 25“C 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/“C 

(Max) 

Over 

Range 

3.0 

LM1 03-3.0 

M 

±10% 

-1700 

-55“Cto +125“C 

10 juA to 10 mA 

25 

3.3 

LM1 03-3.3 

M 

±10% 

-1500 

-55“Cto +125“C 

lOjaAtolOmA 

25 

3.6 

LM1 03-3.6 

M 

±10% 

-1400 

-55“Cto +125“C 

10 jllA to 10 mA 

25 

3.9 

LM1 03-3.9 

M 

±10% 

-1300 

-55“Cto +125“C 

10 jaA to 10 mA 

25 


*M (Military) = -55°Cto 4-125“C 
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“Reference Grade” Voltage Regulators 


Output 

Voltage 

Device 

Operating 

Temperature 

Range 

Voltage 
Tolerance 
Max, Ta = 25°C 

Output 
Variation 
Over Operating 
Range 

Load Reg. 
ppm/mA 

Line Reg. 
ppm/V 

Output 

Current 

(Max) 

Quiescent 

Current 

Adjustable: 

LP2951 

-55“Cto +150“C 

±0.5% 

±0.5% 

100 

42 

100 mA 

120 IX A 

1.235V to 30V 

LP2951AC 

-40°Cto -f125'’C 

±0.5% 

±0.5% 

100 

42 

100 mA 

120 juA 


LP2951C 

-40°Cto +125°C 

±1% 

±1% 

200 

83 

100 mA 

120 jaA 

5V, 3.3V, 3.0V 

LP2950AC 

-40‘’CtO +125“C 

±0.5% 

±0.5% 

100 

42 

100 mA 

120 jaA 

5V, 3.3V, 3.0V 

LP2950C 

-40“Cto +125°C 

±1% 

±1% 

200 

83 

100 mA 

120 jaA 

5V, 3.3V, 3.0V 

LP2980A 

-25“Cto +125“C 

±0.5% 

2.5% 

* 

140 

50 mA 

95 jLtA 

5V, 3.3V, 3.0V 

LP2980 

-25‘’Cto +125°C 

±1% 

I 

3.5% 

* 

140 

50 mA 

95 jaA 


* Included in Output Variation Over Operating Range specification. 
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LH0070/LH0071 


National Semiconductor 

LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 

General Description 

The LH0070 and LH0071 are precision, three terminal, volt- 
age references consisting of a temperature compensated 
zener diode driven by a current regulator and a buffer ampli- 
fier. The devices provide an accurate reference that is virtu- 
ally Independent of input voltage, load current, temperature 
and time. The LH0070 has a 10.000V nominal output to 
provide equal step sizes in BCD applications. The LH0071 
has a 1 0.240V nominal output to provide equal step sizes in 
binary applications. 

The output voltage is established by trimming ultra-stable, 
low temperature drift, thin film resistors under actual operat- 
ing circuit conditions. The devices are shortcircuit proof in 
both the current sourcing and sinking directions. 

The LH0070 and LH0071 series combine excellent long 
term stability, ease of application, and low cost, making 


them ideal choices as reference voltages in precision D to A 
and A to D systems. 


Features 

■ Accuracy output voltage 
LH0070 
LH0071 

■ Single supply operation 

■ Low output impedance 

■ Excellent line regulation 

■ Low zener noise 

■ 3-lead TO-5 (pin compatible with the LM109) 

■ Short circuit proof 

■ Low standby current 


10V ±0.02% 
10.24V ±0.02% 
11.4V to 40V 

0.2n 

0.1 mV/V 
20 jLtVp-p 


3 mA 



Equivalent Schematic 



Typical Applications 


Connection Diagram 


TO-5 Metal Can Package 



BOTTOM VIEW 


TL/H/5550-7 


Order Number LH0070-0H, LH0071-0H, LH0070-1H, 
LH0071-1H, LH0070-2H or LH0071-2H 
See NS Package Number H03B 


Statistical Voltage Standard 



^ lO.OOV 
■' OUTPUT 


^Output Voltage Fine Adjustment 

+15V 

JL 

h 


LH0070. 

LH0071 




OVflOT 




R3 

lOk, lOT 


TL/H/5550-9 


*Note: The output of the LH0070 and LH0071 may be adjusted to a precise voltage by using the above circuit since the supply current of the devices is 
relatively small and constant with temperature and input voltage. For the circuit shown, supply sensitivities are degraded slightly to 0.01 %/V change in Vqut 
for changes in V|n and V-. 

An additional temperature drift of 0.0001 "/o/^C is added due to the variation of supply current with temperature of the LH0070 and LH0071. Sensitivity to the 
value of R1, R2 and R3 is less than 0.001%/%. 
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Absolute Maximum Ratings 





If Military /Aerospace specified devices are required, Short Circuit Duration 


Continuous 

please contact the National 

Semiconductor Sales Qutout Current 



± 20 mA 

Office/Distributors for availability and specifications. Temperature Range 

-55°Cto ±125°C 

Supply VoltaQo 

Storage Temperature Range 

-65“Cto ±150°C 

Power Dissipation (See Curve) 

600 mW ^ ^ ^ seconds) 

300°C 

Eiectrical Character 

iStiCS (Note1) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

Ta=25"C 





LH0070 



10.000 


V 

LH0071 



10.24 


V 

Output Accuracy 

Ta = 25°C 





-0,-1 



±0.03 

±0.1 

% 

-2 



±0.02 

±0.05 

% 

Output Accuracy 

Ta=-55°C, 125'’C 





-0. -1 




±0.3 

% 

-2 




±0.2 

% 

Output Voltage Change With 

(Note 2) 





Temperature 






-0 




±0.2 

% 

-1 



±0.02 

±0.1 

% 

-2 



±0.01 

±0.04 

% 

Line Regulation 

13V^V|n^33V,Tc = 25“C 





-0, -1 



0.02 

0.1 

% 

-2 



0.01 

0.03 

% 

Input Voltage Range 

Rl = 50 kft 

11.4 


40 

V 

Load Regulation 

0 mA^louT^S mA 


0.01 

0.03 

% 

Quiescent Current 

1 3 V ^ ViN ^ 33 V, loUT = 0 mA 

1 

3 

5 

mA 

Change In Quiescent Current 

AV|n = 20V From 23V To 33V 


0.75 

1.5 

mA 

Qutput Noise Voltage 

BW=0.1 HzTo10Hz.Ta = 25“C 


20 


jaVp-p 

Ripple Rejection 

f =120 Hz 


0.01 


%/Vp-p 

Output Resistance 



0.2 

0.6 

ft 

Long Term Stability 

Ta = 25“C (Note 3) 





-0, -1 




±0.2 

%/yr. 

-2 




±0.05 

%/yr. 

Thermal Resistance 

Tj = ISO'-C 





0ja (Junction to Ambient) 



200 


“C/W 

0jc (Junction to Case) 



100 


°C/W 

I Note 1: Unless otherwise specified, these specifications apply for V|n= 15.0V, Rl = 10 kft, and over the temperature range of -55 ®C^Ta^ + 125'’C. 

Note 2: This specification is the difference in output voltage measured at Ta= 85°C and Ta= 

= 25'’C or Ta= 25*C and Ta= -25°C with readings taken after test 

chamber and device-under-test stabilization at temperature using a suitable precision voltmeter. 




Note 3: This parameter is guaranteed by design and not tested. 





Note 4: Refer to the following RETS drawings for military specifications: 





RETS0070-0H for LH0070-0H RETS0071-0H for LH0071-0H 





RETS0070-1H for LH0070-1H RETS0071-1H for LH0071-1H 





RETS0070-2H for LH0070-2H RETS0071 -2H for LH0071-2H 
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LH0070/LH0071 



LH0070/LH0071 


Typical Performance Characteristics 



Quiescent Current vs Input 



0 2S 50 75 100 125 150 

AMBIENT TEMPERATURE rC) 


10 IS 20 25 30 35 

INPUT VOLTAGE (V) 


Normalized Output Voltage 



-50 -25 0 25 SO 75 100 125 

CASE TEMPERATURE rC) 


Step Load Response 



0 1 2 3 4 5 


TIME iut) 

Noise Voltage 


Output Short Circuit 



0 5 10 15 20 25 30 


OUTPUT CURRENT ImA) 



BW = 0.1H2T0 10 Hz 


TL/H/5550-6 ‘ 


TL/H/5550-2 


Typical Applications (Continued) 

Expanded Scale AC Voltmeter 



TL/H/5550-4 
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Typical Applications (Continued) 

Dual Output Bench Power Supply 




-15 V 


TL/H/5550-5 




LM113/LM313 



National Semiconductor 


LM113/LM313 Reference Diode 


General Description 

The LM1 13/LM313 are temperature compensated, low volt- 
age reference diodes. They feature extremely-tight regula- 
tion over a wide range of operating currents in addition to an 
unusually-low breakdown voltage and good temperature 
stability. 

The diodes are synthesized using transistors and resistors 
in a monolithic integrated circuit. As such, they have the 
same low noise and long term stability as modern IC op 
amps. Further, output voltage of the reference depends only 
on highly-predictable properties of components in the IC; so 
they can be manufactured and supplied to tight tolerances. 

Features 

■ Low breakdown voltage: 1 .220V 


■ Dynamic impedance of 0.3ft from 500 jaA to 20 mA 

■ Temperature stability typically 1% over-55“C to 125“C 
range (LM113), 0“C to 70°C (LM313) 

■ Tight tolerance: ±6%, +2% or +1% 

The characteristics of this reference recommend it for use in 
bias-regulation circuitry, in low-voltage power supplies or in 
battery powered equipment. The fact that the breakdown 
voltage is equal to a physical property of silicon— the ener- 
gy-band gap voltage— makes it useful for many tempera- 
ture-compensation and temperature-measurement func- 
tions. 


Schematic and Connection Diagrams 



Metal Can Package 



Note: Pin 2 connected to cese. 
TOP VIEW 


Order Number 
LM113H, LM113H/883, 

LM113-1H, LM113-1H/883, 
LM113-2H, LM113-2H/883, 
or LM313H 

See NS Package Number H02A 

TL/H/5713-1 


Typicai Appiications 


Level Detector for Photodiode 



Low Voltage Regulator 


ViN >3V 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 3) 

Power Dissipation (Note 1) 100 mW 

Reverse Current 50 mA 

Forward Current 50 mA 


Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 
Operating Temperature Range 
LM113 
LM313 


-65°Cto +150°C 

300“C 

-55°C to+125“C 
0“Cto +70°C 


Eiectrical Characteristics (Notes) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Reverse Breakdown Voltage 






LM113/LM313 

Ir = 1 mA 

1.160 

1.220 

1.280 

V 

LM113-1 

1.210 

1.22 

1.232 

V 

LM 113-2 


1.195 

1.22 

1.245 

V 

Reverse Breakdown Voltage 

Change 

0.5 mA ^ Ir ^ 20 mA 


6.0 

15 

mV 


Ir = 1 mA 

Ir = 10 mA 


0.2 

1.0 


Reverse Dynamic Impedance 


0.25 

0.8 

n 

Forward Voltage Drop 

Ip = 1.0 mA 


0.67 

1.0 

V 

RMS Noise Voltage 

10Hz ^f^ 10kHz 

Ir = 1 mA 


5 


liw 

Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA 



15 

mV 

Change with Current 

TmIN ^ Ta ^ TmAX 



Breakdown Voltage Temperature 

1.0 mA ^ Ir ^ 10 mA 


0.01 


%/°C 

Coefficient 

TmiN ^ Ta ^ TmAX 




Note 1: For operating at elevateci temperatures, the device must be derated based on a 150°C maximum junction and a thermal resistance of 80'C/W junction to 
case or 440‘’C/W junction to ambient. 


Note 2: These specifications apply for Ta = 25'’C, unless stated otherwise. At high currents, breakdown voltage should be measured with lead lengths less than % 
inch. Kelvin contact sockets are also recommended. The diode should not be operated with shunt capacitances between 200 pF and 0.1 jaF, unless isolated by at 
least a 1 0Ofl resistor, as it may oscillate at some currents. 

Note 3: Refer to the following RETS drawings for military specifications; RETS113-1X for LM1 13-1, RETS1 13-2X for LM1 13-2 or RETSI 13X for LM1 13. 


Typical Performance Characteristics 


Temperature Drift 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Reverse Dynamic Impedance 



0.3 1 3 10 30 

REVERSE CURRENT (cnA) 


Reverse Characteristics 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 


TL/H/5713-3 
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LM113/LM313 



LM113/LM313 





National Semiconductor 


LM129/LM329 Precision Reference 


General Description 


The LM129 and LM329 family are precision multi-current 
temperature-compensated 6.9V zener references with dy- 
namic impedances a factor of 10 to 100 less than discrete 
diodes. Constructed in a single silicon chip, the LM129 uses 
active circuitry to buffer the internal zener allowing the de- 
vice to operate over a 0.5 mA to 15 mA range with virtually 
no change in performance. The LM129 and LM329 are 
available with selected temperature coefficients of 0.001, 
0.002, 0.005 and 0.01 %/®C. These new references also 
have excellent long term stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long-term stability than conven- 
tional 1C zeners. Further the zener and temperature com- 
pensating transistor are made by a planar process so they 
are immune to problems that plague ordinary zeners. For 
example, there is virtually no voltage shift in zener voltage 
due to temperature cycling and the device is insensitive to 
stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 


Connection Diagrams 


Metal Can Package (TO-46) 



TL/H/5714-6 

Bottom View 

Pin 2 is electrically connected to case 

Order Number LM129AH, LM129AH/883, LM129BH, 
LM129BH/883, LM129CH, LM329AH, LM329BH, 
LM329CH or LM329DH 
See NS Package H02A 


simplifies biasing and the wide operating current allows the 
replacement of many zener types. 

The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a - 55°C to + 1 25'’C temperature 
range. The LM329 for operation over 0“C to 70®C is avail- 
able in both a hermetic TO-46 package and a TO-92 epoxy 
package. 

Features 

■ 0.6 mA to 1 5 mA operating current 

■ 0.6n dynamic impedance at any current 

■ Available with temperature coefficients of 0.001 %/"C 

■ 7jaV wideband noise 

■ 5% initial tolerance 

■ 0.002% long term stability 

■ Low cost 

■ Subsurface zener 


Plastic Package (TO-92) 



TL/H/5714-4 

Bottom View 

Order Number LM329BZ, 

LM329CZ or LM329DZ 
See NS Package Z03A 


Typical Applications 

Simple Reference 

9V TO 40V 



TL/H/5714-1 
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LM129/LM329 




LM129/LM329 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
piease contact the National Semiconductor Saies 
Office/Distributors for availabiiity and specifications. 
(Note 2) 

Reverse Breakdown Current 30 mA 

Forward Current 2 mA 

Operating Temperature Range 
LM129 -55"Cto +125‘’C 

LM329 0‘*Cto+70“C 


Storage Temperature Range 
Soidering Information 
TO-92 package: 10 sec. 
TO-46 package: 10 sec. 


-55“C to 4-150’C 

260"C 

300“C 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM129A, B,C 

LM329A,B,C,D 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Reverse Breakdown Voltage 

Ta = 25°c, 

0.6 mA ^ Ir ^ 15 mA 

6.7 

6.9 

7.2 

6.6 

6.9 

7.25 

V 

Reverse Breakdown Change 

Ta = 25°C, 






■i 


with Current (Note 3) 

0.6 mA ^ Ir ^ 15 mA 


9 

14 


9 


mV 

Reverse Dynamic Impedance 
(Note 3) 

Ta = 25'’C, Ir = 1 mA 


0.6 

1 


0.8 

B 

n 

RMS Noise 

Ta = 25"C. 

10 Hz ^ F ^ 10 kHz 


7 

20 


7 

100 

ftV 

Long Term Stability 

Ta = 45“C ± o.rc, 




■jjjH 




(1000 hours) 

Ir = 1 mA ± 0.3% 


20 





ppm 

Temperature Coefficient 

Ir = 1 mA • 








LM129A, LM329A 



6 

10 


6 

10 

ppm/“C 

LM129B, LM329B 



15 

20 


15 

20 

ppm/“C 

LM129C, LM329C 



30 

50 


30 

50 

ppm/°C 

LM329D 






50 

100 

ppm/“C 

Change In Reverse Breakdown 

1 mA ^ Ir ^ 15 mA 


1 

■■m 

■jH 

m 


ppm/°C 

Temperature Coefficient 









Reverse Breakdown Change 

1 mA ^ Ir ^ 1 5 mA 


12 



12 


mV 

with Current 









Reverse Dynamic Impedance 

1 mA ^ Ir ^ 15 mA 


0.8 



1 


ft 


Note 1: These specifications apply for - 55°C ^ Ta ^ +1 25*0 for the LM1 29 and 0“C ^ Ta ^ + 70“C for the LM329 unless othenvise specified. The maximum 
junction temperature for an LM129 is 150*0 and LM329 is 100*C. For operating at elevated temperature, devices in TO-46 package must be derated based on a 
thermal resistance of 440*0/ W junction to ambient or 80*C/W junction to case. For the TO-92 package, the derating is based on 180*C/W junction to ambient with 
0.4" leads from a PC board and 160*C/W junction to ambient with 0.125" lead length to a PC board. 

Note 2: Refer to RETS129H for LM1 29 family military specifications. 

Note 3: These changes are tested on a pulsed basis with a low duty-cycle. For changes versus temperature, compute in terrhs of tempco. 
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LM129/LM329 
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DYNAMIC IMPEDANCE (SI) REVERSE CURRENT (A) 
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LM134/LM234/LM334 



National Semiconductor 


LM134/LM234/LM334 

3-Terminal Adjustable Current Sources 


General Description 

The LM134/LM234/LM334 are 3-terminal adjustable cur- 
rent sources featuring 10,000:1 range in operating current, 
excellent current regulation and a wide dynamic voltage 
range of IV to 40V. Current is established with one external 
resistor and no other parts are required. Initial current accu- 
racy is ±3%. The LM134/LM234/LM334 are true floating 
current sources with no separate power supply connections. 
In addition, reverse applied voltages of up to 20V will draw 
only a few dozen microamperes of current, allowing the de- 
vices to act as both a rectifier and current source in AC 
applications. 

The sense voltage used to establish operating current in the 
LM1 34 Is 64 mV at 25“C and Is directly proportional to abso- 
lute temperature (“K). The simplest one external resistor 
connection, then, generates a current with ~ +0.33%/°C 
temperature dependence. Zero drift operation can be ob- 
tained by adding one extra resistor and a diode. 
Applications for the current sources include bias networks, 
surge protection, low power reference, ramp generation, 
LED driver, and temperature sensing. The LM134-3/ 


LM234-3 and LM134-6/LM234-6 are specified as true tem- 
perature sensors with guaranteed initial accuracy of + 3®C 
and ±6®C, respectively. These devices are ideal in remote 
sense applications because series resistance in long wire 
runs does not affect accuracy. In addition, only 2 wires are 
required. 

The LM134 Is guaranteed over a temperature range of 
-55°C to + 125“C, the LM234 from -25“C to + lOO^C and 
the LM334 from 0°C to + 70°C. These devices are available 
In TO-46 hermetic, TO-92 and SO-8 plastic packages. 

Features 

■ Operates from IV to 40V 

■ 0.02%/ V current regulation 

■ Programmable from 1 jaA to 1 0 mA 

■ True 2-terminal operation 

■ Available as fully specified temperature sensor 

■ ±3% initial accuracy 


Connection Diagrams 


SO-8 

Surface Mount Package 


NC V“ NT NC 



TL/H/5697-24 

Order Number LM334M 
See NS Package 
Number M08A 


SO-8 Alternative Pinout 
Surface Mount Package 

NC NC NC NC 



See NS Package 
Number M08A 


TO-46 

Metal Can Package 
v+ 



TL/H/5697-12 

Bottom View 

V- Pin is electrically 
connected to case. 

Order Number LM134H, 
LM134H-3, LM134H-6, 
LM234H or LM334H 
See NS Package 
Number H03H 


TO-92 

Plastic Package 

V+ R V- 



TL/H/5697-10 

Bottom View 

Order Number LM334Z, 
LM234Z-3 or LM234Z-6 
See NS Package 
Number Z03A 


Typical Application 


Basic 2-Terminal Current Source 


+V|N 


'8Et| 



C 


R 

c 

7" 

i" ^ 

Wsj 

V 


itirj 



TL/H/5697-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
piease contact the Nationai Semiconductor Sales 
Office/Distributors for availability and specifications. 

V*" to V“ Forward Voltage 


LM134/LM234/LM334 

40V 

LM 1 34-3/ LM 1 34-6/ LM234-3/ LM234-6 

30V 

V'*' toV“ Reverse Voltage 

20V 

R Pin to V” Voltage 

5V 

Set Current 

10 mA 

Power Dissipation 

400 mW 

ESD Susceptibility (Note 5) 

2000V 


Operating Temperature Range (Note 4) 
LM134/LM134-3/LM134-6 -55'’Cto + 125"C 

LM234/LM234-3/LM234-6 -25“C to + 100°C 

LM334 0"Cto+70“C 

Soldering Information 

TO-92 Package (1 0 sec.) 260'’C 

TO-46 Package (1 0 sec.) 300°C 

SO Package 

Vapor Phase (60 sec.) 21 5“C 

Infrared (1 5 sec.) 220“C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM134/LM234 

LM334 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Set Current Error, = 2.5V, 

10 jaA^ISET^I 



3 



6 

% 

(Note 2) 

1 mA<lsET^^ 



5 



8 

% 


2 jaA^ISET^'IO M'A 



8 



12 

% 

Ratio of Set Current to 

100 julA^Iset^^ fTlA 

14 

18 

23 

14 

18 

26 


Bias Current 

1 mA^ISEj^5mA 


14 



14 




2 /jlA:^IseT^^00 jllA 


18 

23 


18 

26 


Minimum Operating Voltage 

2 julA^Iset^ 100 juA 


0.8 



0.8 


V 


100 /ji<A<Iset^1 


0.9 



0.9 


V 


1 mA<lsET^5 mA 


1.0 



1.0 


V 

Average Change in Set Current 

2 ju.A^ISET^l 








with Input Voltage 

1.5^V+^5V 


0.02 

0.05 


0.02 

0.1 

%/v 


5V^V+^40V 


0.01 

0.03 


0.01 

0.05 

%/v 


1 mA<lsET^5 mA 
1.5V^V^5V 


0.03 



0.03 j 


%/v 


5V^V^40V 


0.02 



0.02 


%/v 

Temperature Dependence of 

Set Current (Note 3) 

25 /llA^Iset^I 

0.96T 

T 

1.04T 

0.96T 


1.04T 


Effective Shunt Capacitance 



15 



15 


pF 


Note 1: Unless othenvise specified, tests are performed at Tj=25“C with pulse testing so that junction temperature does not change during test. 

Note 2: Set current is the current flowing into the pin. For the Basic 2-Terminal Current Source circuit shown on the first page of this data sheet. Iset 'S 
determined by the following formula: Iset = 67.7 mV/RsET (® 25®C). Set current error is expressed as a percent deviation from this amount. Iset increases at 
0.336%/*C @ Tj = 25'’C (227 jutV/'C). 

Note 3: Iset is directly proportional to absolute temperature (“K). Iset sf any temperature can be calculated from: Iset= Io (T/Tq) where I© is Iset measured at Tq 
(“K). 

Note 4: For elevated temperature operation, Tj max is: 


LM134 

150’C 

LM234 

125*C 

LM334 

100*C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0ja (Junction to Ambient) 

180'’C/W(0.4" leads) 
leO'-C/W (0.125" leads) 



0jc (Junction to Case) 

N/A 

32'’C/W 



Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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Electrical Characteristics (Note i) (continued) 


Parameter 


Conditions 


Minimum Operating Voltage 


100 juA IsET^^ 


Average Change in Set Current 1 00 jaA ^ IsET^ 


with input Voltage 


1.5^V+^5V 

5V^V+^30V 


LM134-3, LM234-3 


Set Current Error, V+ = 2.5V, 

100 julA^Iset^"! 


(Note 2) ^ 

II 

ro 


Equivalent Temperature Error 



Ratio of Set Current to 

Bias Current 

100 jULA:^ISET^1 ITIIA 

14 


LM134-6, LM234-6 
Min Typ Max 


Temperature Dependence of 

Set Current (Note 3) and 

1 00 juiA ^ ISET^ "1 rnA 

Equivalent Slope Error 


Effective Shunt Capacitance 



















Typical Performance Characteristics (Continued) 



0.4 0.6 0.8 1.0 1.2 1.4 

V+TO V- VOLTAGE 

TL/H/5697-29 



lOjLiA 100 mA ImA lOmA 


'set 

TL/H/5697-3 


Application Hints 

The LM1 34 has been designed for ease of application, but a 
general discussion of design features is presented here to 
familiarize the designer with device characteristics which 
may not be immediately obvious. These include the effects 
of slewing, power dissipation, capacitance, noise, and con- 
tact resistance. 

CALCULATING Rset 

The total current through the LM134 (Iset) *s the sum of the 
current going through the SET resistor (Ir) and the LM134’s 
bias current (Ibias). as shown in Figure 1. 



TL/H/5697-27 

FIGURE 1. Basic Current Source 


A graph showing the ratio of these two currents is supplied 
under Ratio of Iset to Ibias in the Typical Performance 
Characteristics section. The current flowing through Rset is 
determined by Vr, which is approximately 214 
(64 mV/298‘’K 214 juiV/^K). 

Vr 

•set = Ir + Ibias = ^ — + Ibias 
Rset 


Since (for a given set current) Ibias Is simply a percentage 
of Iset. th© equation can be rewritten 



where n is the ratio of Iset to Ibias as specified in the Elec- 
trical Characteristics Section and shown in the graph. Since 
n is typically 18 for 2 jllA ^ Iset ^ t nriA, the equation can 
be further simplified to 


Iset = 


(bS;) 


227 juiV/°K 
Rset 


for most set currents. 


SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to Iset* At 
■set =10 jaA, maximum dV/dt is O.OIV/jlls; at Iset = 
1 mA, the limit is IV/juls. Slew rates above the limit do not 
harm the LM134, or cause large currents to flow. 

THERMAL EFFECTS 

Internal heating can have a significant effect on current reg- 
ulation for Iset greater than 1 00 jllA. For example, each 1 V 
increase across the LM134 at Iset = 1 niA will increase 
junction temperature by ~ 0.4“C in still air. Output current 
(Iset) has a temperature coefficient of ~0.33%/“C, so the 
change In current due to temperature rise will be 
(0.4) (0.33) = 0.132%. This Is a 10:1 degradation in regula- 
tion compared to true electrical effects. Thermal effects, 
therefore, must be taken into account when DC regulation is 
critical and Iset exceeds 1 00 juA. Heat sinking of the TO-46 
package or the TO-92 leads can reduce this effect by more 
than 3:1. 
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Application Hints (Continued) 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buff- 
ering the LM134 with an FET as shown in the applications. 
This can reduce capacitance to less than 3 pF and improve 
regulation by at least an order of magnitude. DC character- 
istics (with the exception of minimum input voltage), are not 
affected. 

NOISE 

Current noise generated by the LM134 is approximately 4 
times the shot noise of a transistor. If the LM134 is used as 
an active load for a transistor amplifier, input referred noise 
will be increased by about 12 dB. In many cases, this is 
acceptable and a single stage amplifier can be built with a 
voltage gain exceeding 2000. 

LEAD RESISTANCE 

The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermocouple 
or lead resistance effects should be minimized by locating 
the current setting resistor physically close to the device. 
Sockets should be avoided If possible. It takes only 0.7ft 
contact resistance to reduce output current by 1 % at the 
1 mA level. 

SENSING TEMPERATURE 

The LM134 makes an Ideal remote temperature sensor be- 
cause its current mode operation does not lose accuracy 
over long wire runs. Output current is directly proportional to 
absolute temperature In degrees Kelvin, according to the 
following formula: 

, _ (227iLiV/°K)(T) 

Rset 

Calibration of the LM134 is greatly simplified because of the 
fact that most of the initial inaccuracy is due to a gain term 
(slope error) and not an offset. This means that a calibration 
consisting of a gain adjustment only will trim both slope and 
zero at the same time. In addition, gain adjustment is a one 
point trim because the output of the LM134 extrapolates to 
zero at 0°K, Independent of Rset o*' siny initial inaccuracy. 



This property of the LM134 is illustrated in the accompany- 
ing graph. Line abc is the sensor current before trimming. 
Line a'b'c' is the desired output. A gain trim done at T2 will 
move the output from b to b' and will simultaneously correct 
the slope so that the output at T1 and T3 will be correct. 
This gain trim can be done on Rset or on the load resistor 


used to terminate the LM134. Slope error after trim will nor- 
mally be less than + 1 %. To maintain this accuracy, howev- 
er, a low temperature coefficient resistor must be used for 
Rset- 

A 33 ppm/“C drift of Rset will give a 1 % slope error be- 
cause the resistor will normally see about the same temper- 
ature variations as the LM134. Separating Rset ^rom the 
LM134 requires 3 wires and has lead resistance problems, 
so is not normally recommended. Metal film resistors with 
less than 20 ppm/“C drift are readily available. Wire wound 
resistors may also be used where best stability Is required. 

APPLICATION AS A ZERO TEMPERATURE 
COEFFICENT CURRENT SOURCE 

Adding a diode and a resistor to the standard LM134 config- 
uration can cancel the temperature-dependent characteris- 
tic of the LM134. The circuit shown in Figure 3 balances the 
positive tempco of the LM134 (about +0.23 mV/“C) with 
the negative tempco of a forward-biased silicon diode 
(about -2.5 mV/“C). 



FIGURE 3. Zero Tempco Current Source 


The set current (Iset) 'S the sum of li and I 2 , each contribut- 
ing approximately 50% of the set current, and Ibias- Ibias 's 
usually included in the li term by increasing the Vr value 
used for calculations by 5.9%. (See CALCULATING Rset) 
•set = li + I2 + Ibias. where 


h 



. Vr + Vd 


The first step is to minimize the tempco of the circuit, using 
the following equations. An example is given using a value 
of +227 juVrC as the tempco of the LM134 (which in- 
cludes the Ibias component), and -2.5 mV/°C as the temp- 
co of the diode (for best results, this value should be directly 
measured or obtained from the manufacturer of the diode). 


ISET = h + I2 

dIsET ^ ^ 
dT dT dT 

_ 227 jaV/°C ^ 227 juiV/°C - 2.5 mV/°C 
Rl R2 


= 0 (solve for tempco = 0) 
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Application Hints (Continued) 

R 2 2.5 mV/°C - 227 jaV/^C 
— ~ ~ 10.0 
Rl 227 jLtVrC 

With the Ri to R 2 ratio determined, values for Ri and R 2 
should be determined to give the desired set current. The 
formula for calculating the set current at T = 25®C is shown 
below, followed by an example that assumes the forward 
voltage drop across the diode (Vq) is 0.6V, the voltage 
across Ri is 67.7 mV (64 mV + 5.9% to account for Ibias). 
and R 2 /R 1 = 10 (from the previous calculations). 

isET = h + I2 + Ibias 
_ Vr ^ Vr + Vp 
Ri R 2 

~ 67.7 mV 67.7 mV + 0.6V 
Ri 10.0 Ri 

, 0.134V 

lsEr = — 

This circuit will eliminate most of the LM134’s temperature 
coefficient, and it does a good job even if the estimates of 
the diode’s characteristics are not accurate (as the following 
example will show). For lowest tempco with a specific diode 
at the desired Iset. however, the circuit should be built and 
tested over temperature. If the measured tempco of Iset >s 
positive, R 2 should be reduced. If the resulting tempco is 
negative, R 2 should be increased. The recommended diode 
for use in this circuit is the 1N457 because its tempco is 
centered at 1 1 times the tempco of the LM134, allowing R 2 
= 10 Ri. You can also use this circuit to create a current 
source with non-zero tempcos by setting the tempco com- 
ponent of the tempco equation to the desired value instead 
of 0. 


EXAMPLE: A 1 mA, Zero-Tempco Current Source 
First, solve for Ri and R 2 : 


Iset ~ 1 mA 


0.134V 

Ri 


Rl = 134n = 10 R 2 


R 2 = 134011 


Typical Applications 



TL/H/5697-15 

•Select R3 = Vref/ 583 fiA. Vref may be any stable positive voltage ^2V 
Trim R3 to calibrate 


The values of Ri and R 2 can be changed to standard 1 % 
resistor values (Ri = 13311 and R 2 = 1.33 kH) with less 
than a 0.75% error. 

If the forward voltage drop of the diode was 0.65V instead 
of the estimate of 0.6V (an error of 8%), the actual set cur- 
rent will be 


67.7 mV 67.7 mV + 0.65V 

^ 67.7 mV 67.7 mV + 0.65V 
133 1330 

= 1.049 mA 

an error of less than 5%. 

If the estimate for the tempco of the diode’s forward voltage 
drop was off, the tempco cancellation is still reasonably ef- 
fective. Assume the tempco of the diode is 2.6 mV/°C in- 
stead of 2.5 mV/^C (an error of 4%). The tempco of the 
circuit is now: 

d»SET ^ ^ ^ 

dT dT dT 

^ 227 p,V/°C 227 jaV/°C - 2.6 mV/°C 
13311 133011 

= -77nA/°C 


A 1 mA LM134 current source with no temperature compen- 
sation would have a set resistor of 6811 and a resulting 
tempco of 


227 juiV/°C 

68a 


= 3.3 iiArC 


So even if the diode’s tempco varies as much as ±4% from 
its estimated value, the circuit still eliminates 98% of the 
LM134’s inherent tempco. 


Ternfiinating Remote Sensor for Voltage Output 


+V|N 




vouT’ UsetHRl) 

= lOmVrKFOR 


Rset “ 230n 
RL = 10kn 


TL/H/5697-14 
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Typical Applications (Continued) 


Low Output Impedance Thermometer 

V|n>4.8V 


VoUT“tOn»V/“K 

ZflUT^ toon 



Output impedance of the LM134 at the “R” pin is 


external resistance connected from the V“ pin to 
ground. This negative resistance can be reduced 
by a factor of 5 or more by inserting an equivalent 
resistor R 3 = (R 2 /I 6 ) in series with the output. 


Low Output Impedance Thermometer 


Higher Output Current 



VoUT=tOmV/"K 

ZouT^zn 



‘Select R1 and C1 for optimum stability 


Micropower Bias 

+V|N 


Low Input Voltage Reference Driver 



■‘■VlN ^ '^REF zoo mV 



VoUT*Vz + 64mV®25“C 
I0UT^3'”A 


TL/H/5697-18 




Typical Applications (Continued) 



1.2V Reference Operates on 10 jjlA and 2V 1.2V Regulator with 1.8V Minimum Input 




Zener Biasing 


Alternate Trimming Technique Buffer for Photoconductive Cell 


+V|N 



+V,N 




♦For ±10% adjustment, select Rset 
10% high, and make R1 ~ 3 Rset 
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Typical Applications (Continued) 


FET Cascoding for Low Capacitance and/or Ultra High Output Impedance 


+V|N 



TL/H/5697-21 


+V|N 



♦Select Q1 or Q2 to ensure at least 1V across the LM134. Vp (1 - Iset/Idss) ^ l-SV. 


TL/H/5697-22 


Generating Negative Output Impedance 

+V|N 



TL/H/5697-23 

*ZouT ~ “IS • R 1 (R1 /ViN must not exceed Iset) 


In-Line Current Limiter 

Rset 



♦Use minimum value required to ensure stability of protected device. This 
minimizes inrush current to a direct short. 


Schematic Diagram 



TL/H/5697-11 
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National Semiconductor 


LM136-2.5/LM236-2.5/LM336-2.5V Reference Diode 


General Description 

The LM136-2.5/LM236-2.5 and LM336-2.5 integrated cir- 
cuits are precision 2.5V shunt regulator diodes. These 
monolithic 1C voltage references operate as a low-tempera- 
ture-coefficient 2.5V zener with 0.2n dynamic impedance. A 
third terminal on the LM 136-2.5 allows the reference volt- 
age and temperature coefficient to be trimmed easily. 

The LM1 36-2.5 series is useful as a precision 2.5V low volt- 
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain a sta- 
ble reference from 5V logic supplies. Further, since the 
LM1 36-2.5 operates as a shunt regulator, it can be used as 
either a positive or negative voltage reference. 

The LM 136-2.5 is rated for operation over -55°C to 
+ 125°C while the LM236-2.5 is rated over a -25°C to 
+ 85°C temperature range. 


The LM336-2.5 is rated for operation over a 0“C to + 70°C 
temperature range. See the connection diagrams for avail- 
able packages. 

Features 

E3 Low temperature coefficient 

ta Wide operating current of 400 juA to 10 mA 

□ 0.2fl dynamic impedance 

01 ± 1 % initial tolerance available 
B Guaranteed temperature stability 

□ Easily trimmed for minimum temperature drift 
Q Fast turn-on 

□ Three lead transistor package 


Connection Diagrams 

TO-92 

Plastic Package 



Order Number LM236Z-2.5, 
LM236AZ-2.5, LM336Z-2.5 or 
LM336BZ-2.5 

See NS Package Number Z03A 


Typical Applications 

2.5V Reference 


5V 



TL/H/5715-9 


TO-46 

Metal Can Package 



TL/H/5715-20 

Bottom View 


Order Number LM136H-2.5, 
LM136H-2.5/883, LM236H-2.5, 
LM136AH-2.5, LM136AH-2.5/883 
or LM236AH-2.5 
See NS Package Number H03H 


SO Package 


+ NC NC ADJ 



Order Number LM236M-2.5, 
LM236AM-2.5, LM336M-2.5 
or LM336BM-2.5 
See NS Package Number M08A 


2.5V Reference with Minimum 
Temperature Coefficient 

5V 


WIN457* 


Wide Input Range Reference 

V|N 3.5 - 40V 


tAdjustto 2.490V 
♦Any silicon signal diode 

TL/H/5715-10 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Reverse Current 15 mA 

Forward Current 10 mA 

Storage T emperature - 60“C to 4- 1 50“C 

Operating Temperature Range (Note 2) 

LM136 -SS-Cto +150“C 

LM236 -25°Cto +85"C 

LM336 0°Cto+70“C 


Soldering Information 

TO-92 Package (10 sec.) 

260°C 

TO-46 Package (10 sec.) 

300“C 

SO Package 

Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220“C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notes) 


Parameter 

Conditions 

LM136A-2.5/LM236A-2.5 

LM136-2.5/LM236-2.5 

LM336B-2.5 

LM336-2.5 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Reverse Breakdown Voltage 

Ta = 25‘’C, Ir = 1 mA 

LM136, LM236, LM336 

LM136A, LM236A, LM336B 

2.440 

2.465 

2.490 

2.490 

2.540 

2.515 

2.390 

2.440 


2.590 

2.540 

V 

V 

Reverse Breakdown Change 
With Current 

Ta = 25“C, 

400 iliA^Ir^IO mA 



H 


m 

10 

mV 

Reverse Dynamic Impedance 

Ta = 25‘’C, Ir = 1 mA, f = 100 Hz 


0.2 




1 

n 

Temperature Stability 
(Note 4) 

Vr Adjusted to 2.490V 

Ir = 1 mA, (Figure 2) 

0“C^Ta^70"C (LM336) 
-25‘’C^Ta^+85"C 
(LM236H, LM236Z) 

-25‘’C ^ Ta ^ +85‘’C (LM236M) 
-55“C^Ta^ + 1 25“C (LM136) 


3.5 

7.5 

12 

9 

18 

18 

1 



mV 

mV 

mV 

mV 

Reverse Breakdown Change 
With Current 

400 ]liA^Ir^ 10 mA 


3 

10 


3 

12 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.4 

1 


0.4 

1.4 

ft 

Long Term Stability 

Ta = 25“C ±0.rC, Ir = 1 mA. 
t = 1000 hrs 


20 



20 


ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device 
beyond its specified operating conditions. 

Note 2: For elevated temperature operation, Tj max is: 

LM136 150“C 

LM236 125°C 

LM336 100“C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0ja (Junction to Ambient) 

180“C/W (0.4* leads) 
170*C/W (0.125* lead) 

440“C/W 

165“C/W 

dja (Junction to Case) 

n/a 

80“C/W 

n/a 


Note 3: Unless otherwise specified, the LM1 36-2.5 is specified from -55“C Ta ^ +125“C, the LM236-2.5 from -25°C ^ Ta ^ + BS'C and the LM336-2.5 from 
0*C ^ Ta ^ +70"C. 

Note 4: Temperature stability for the LM336 and LM236 family is guaranteed by design. Design limits are guaranteed (but not 100% production tested) over the 
indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels. Stability is defined as the maximum change in Vref 
from 25'’C to Ta (min) or Ta (max). 


Typical Performance Characteristics 


Reverse Voltage Change 



0 2 4 I I 10 

REVERSE CURRENT (mA) 



10 100 Ik 10k 100k 

FREQUENCY (Hi) 


Dynamic Impedance 



10 100 Ik 10k 100k 


FREQUENCY (Hi) 


TL/H/5715-2 
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Typical Performance Characteristics (Continued) 


Response Time 



0 2 4 6 8 


Reverse Characteristics 



TIME (ps) 


REVERSE VOLTAGE (V) 


Forward Characteristics 



Temperature Drift 



TEMPERATURE (°C} 


TL/H/5715-3 


Application Hints 

The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance and 
wide operating current range simplify biasing in almost any 
circuit. Further, either the breakdown voltage or the temper- 
ature coefficient can be adjusted to optimize circuit perform- 
ance. 

Figure 1 shows an LM136 with a 10k potentiometer for ad- 
justing the reverse breakdown voltage. With the addition of 
R1 the breakdown voltage can be adjusted without affecting 
the temperature coefficient of the device. The adjustment 
range is usually sufficient to adjust for both the initial device 
tolerance and inaccuracies in buffer circuitry. 


If minimum temperature coefficient is desired, two diodes 
can be added in series with the adjustment potentiometer 
as shown In Figure 2. When the device Is adjusted to 2.490V 
the temperature coefficient is minimized. Almost any silicon 
signal diode can be used for this purpose such as a 1N914, 
1N4148 or a 1N457. For proper temperature compensation 
the diodes should be in the same thermal environment as 
the LM136. It is usually sufficient to mount the diodes near 
the LM136 on the printed circuit board. The absolute resist- 
ance of R1 is not critical and any value from 2k to 20k will 
work. 



FIGURE 1. LM136 With Pot for Adjustmont 
of Breakdown Voltage 
(Trim Range = ± 120 mV typical) 



TL/H/5715-4 

FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range = ± 70 mV typical) 
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Typical Applications (Continued) 

Low Cost 2 Amp Switching Regulatort 



*L1 60 turns #16 wire on Arnold Core A-254168-2 TL/H/5715-5 

tEfficiency ~ 80% 

Precision Power Regulator with Low Temperature Coefficient 



5V Crowbar 



Trimmed 2.5V Reference with Temperature 
Coefficient Independent of Breakdown Voltage 

10V 



10k* 

CALIBRATE 


* Does not affect temperature coefficient TL/H/571 5- 1 5 
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LM136-2.5/LM236-2.5/LM336-2.5 


Typical Applications (Continued) 

Op Amp with Output Clamped Bipolar Output Reference 

Rp 5V 




2.5V Square Wave Calibrator 

5V 



TL/H/5715-19 
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LM136-5.0/LM236<5.0/LM336-5.0 


National Semiconductor 


LM136-5.0/LM236-5.0/LM336-5.0, 5.0V Reference Diode 

General Description 

The LM136-5.0/LM236-5.0/LM336-5.0 integrated circuits 
are precision 5.0V shunt regulator diodes. These monolithic 
1C voltage references operate as a low temperature coeffi- 
cient 5.0V zener with 0.6fi dynamic impedance. A third ter- 
minal on the LM1 36-5.0 allows the reference voltage and 
temperature coefficient to be trimmed easily. 

The LM 136-5.0 series is useful as a precision 5.0V low volt- 
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 5.0V makes it convenient to obtain a sta- 
ble reference from low voltage supplies. Further, since the 
LM 136-5.0 operates as a shunt regulator, it can be used as 
either a positive or negative voltage reference. 

The LM1 36-5.0 is rated for operation over -55'’C to 
+ 125“C while the LM236-5.0 Is rated over a -25‘’C to 
+ 85°C temperature range. The LM336-5.0 is rated for oper- 


ation over a 0“C to + 70°C temperature range. See the con- 
nection diagrams for available packages. For applications 
requiring 2.5V see LM1 36-2.5. 

Features 

■ Adjustable 4V to 6V 

■ Low temperature coefficient 

■ Wide operating current of 600 jaA to 10 mA 

■ 0.6fl dynamic impedance 

■ ± 1 % Initial tolerance available 

■ Guaranteed temperature stability 

■ Easily trimmed for minimum temperature drift 

■ Fast turn-on 

■ Three lead transistor package 



Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5716-4 

Bottom View 

Order Number LM236AZ-5.0, 
LM336Z-5.0 or LM336BZ-5.0 
See NS Package Number Z03A 


TO-46 

Metal Can Package 



Order Number LM136H-5.0, 
LM136H-5.0/883, LM236H-5.0, 
LM136AH-5.0, LM136AH-5.0/883, 
or LM236AH-5.0 
See NS Package Number H03H 


SO Package 

+ NC NC ADJ 



LM336BM-5.0 

See NS Package Number M08A 


Typical Applications 


5.0V Reference 
10V 

5.0V 
36 5.0 


5.0V Reference with Minimum 
Temperature Coefficient 

10V 



Trimmed 4V to 6V Reference 
with Temperature Coefficient 
Independent of Breakdown Voltage 


10V 



TL/H/5716-3 

*Does not affect temperature coefficient 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Reverse Current 1 5mA 

Forward Current 1 0mA 

Storage T emperature — GO^C to +1 50°C 

Operating Temperature Range (Note 2) 

LM 136-5.0 -55‘‘Cto +150°C 

LM236-5.0 - 25°C to + 85°C 

LM336-5.0 O^’Cto +70°C 


Electrical Characteristics (Notes) 




LM136A-5.0/LM236A-5.0 

LM336B-5.0 


Parameter 

Conditions 

LM136-5.0/LM236-5.0 

LM336-5.0 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Reverse Breakdown Voltage 

Ta = 25°C, Ir = 1 mA 
LM136-5.0/LM236-5.0/LM336-5.0 

4.9 

5.00 

5.1 

4.8 

5.00 

5.2 

V 


LM1 36A-5.0/LM236A-5.0, LM336B-5.0 

4.95 

5.00 

5.05 

4.90 

5.00 

5.1 

V 

Reverse Breakdown Change 

Ta = 25“C, 


6 

12 


6 

20 

mV 

With Current 

600 /xA^lp^lOmA 








Reverse Dynamic Impedance 

Ta = 25°C, Ir = 1 mA,f = 100 Hz 


0.6 

1.2 


0.6 

2 

a 

Temperature Stability 

Vr Adjusted 5.00V 








(Note 4) 

Ir = 1 mA, {Figure 2) 

0°C^Ta^70“C (LM336-5.0) 





4 

12 

mV 


-25“C^Ta^ + 85°C (LM236-5.0) 


7 

18 




mV 


-55"C^Ta^ + 125°C (LM 136-5.0) 


20 

36 




mV 

Reverse Breakdown Change 
With Current 

600 juiA:^lR^10mA 


6 

17 


6 

24 

mV 

Adjustment Range 

Circuit of Figure 1 


±1 



±1 


V 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.8 

1.6 


0.8 

2.5 

n 

Long Term Stability 

TA = 25“C±0.rC, Ir = 1 mA,t= 1000 hrs 


20 



20 


ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device 
beyond its specified operating conditions. 

Note 2: For elevated temperature operation, Tj max is: 

LM136 150“C 

LM236 125°C 

LM336 100"C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0ja (Junction to Ambient) 

180”C/W(0.4" Leads) 
170*0^(0.125" Leads) 

440*C/W 

les'C/w 


N/A 

80*C/W 

N/A 


Note 3: Unless otherwise specified, the LM136-5.0 is specified from -55 *C^Ta^ + 125®C, the LM236-5.0 from -25 '’C^Ta^ + 85®C and the LM336-5.0 from 
0"C^Ta:^+70*C. 

Note 4: Temperature stability for the LM336 and LM236 family is guaranteed by design. Design limits are guaranteed (but not 100% percent production tested) 
over the indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels. Stability is defined as the maximum charge 
in Vref ^rom 25'’C to TA(min) or TA(max). 


Soldering Information 

TO-92 Package (10 sec.) 

260°C 

TO-46 Package (10 sec.) 

300°C 

SO Package 

Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (appendix D) for other methods of 
soldering surface mount devices. 



4-37 


LM 1 36-5.0/LM236-5.0/LM336-5.0 








LM136-5.0/LM236-5.0/LM336-5.0 


Typical Performance Characteristics 



Reverse Voltage Change 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5716-2 


Response Time 



TIME iut) 


Reverse Characteristics 



0.5 1.5 2.5 3.5 4.5 5.5 

REVERSE VOLTAGE (V) 



-55-35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Forward Characteristics 



TL/H/5716-8 


Application Hints 

The LM1 36-5.0 series voltage references are much easier 
to use than oridinary zener (diocJes. Their low impeidance and 
wide operating current range simplify biasing in almost any 
circuit. Further, either the breakdown voltage or the temper- 
ature coefficient can be adjusted to optimize circuit perform- 
ance. 

Figure 1 shows an LM 136-5.0 with a 10k potentiometer for 
adjusting the reverse breakdown voltage. With the addition 
of R1 the breakdown voltage can be adjusted without af- 
fecting the temperature coefficient of the device. The ad- 
justment range is usually sufficient to adjust for both the 
Initial device tolerance and inaccuracies In buffer circuitry. 


if minimum temperature coefficient is desired, four diodes 
can be added in series with the adjustment potentiometer 
as shown in Figure 2. When the device is adjusted to 5.00V 
the temperature coefficient is minimized. Almost any silicon 
signal diode can be used for this purpose such as a 1N914, 
1N4148 or a 1N457. For proper temperature compensation 
the diodes should be in the same thermal environment as 
the LM 136-5.0. it is usually sufficient to mount the diodes 
near the LM1 36-5.0 on the printed circuit board. The abso- 
lute resistance of the network Is not critical and any value 
from 2k to 20k will work. Because of the wide adjustment 
range, fixed resistors should be connected in series with the 
pot to make pot setting less critical. 


4-38 




Application Hints (Continued) 





- TL/H/5716-9 

FIGURE 1. LM136-5.0 with Pot for Adjustment of 
Breakdown Voltage (Trim Range = ± 1.0V Typical) 


v+ 



“ TL/H/5716-10 

FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range = ± 0.5 V Typical) 


Typicai Applications (Continued) 

Precision Power Regulator with Low Temperature Coefficient 
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Typical Applications (Continued) 


Op Amp with Output Clamped Bipolar Output Reference 



Low Noise Buffered Reference Wide Input Range Reference 

7.5V 



TL/H/5716-6 
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National Semiconductor 


LM169/LM369 Precision Voltage Reference 


General Description 

The LM169/LM369 are precision monolithic temperature- 
compensated voltage references. They are based on a bur- 
ied zener reference as pioneered in the LM199 references, 
but do not require any heater, as they rely on special tem- 
perature-compensation techniques (Patent Pending). The 
LM169 makes use of thin-film technology enhanced by the 
discrete laser trimming of resistors to achieve excellent 
Temperature coefficient (Tempco) of Vout (as low as 1 
ppm/^C), along with tight initial tolerances (as low as 0.05% 
max). The trim scheme is such that individual resistors are 
cut open rather than being trimmed (partially cut), to avoid 
resistor drift caused by electromigration in the trimmed area. 
The LM169 also provides excellent stability vs. changes in 
input voltage and output current (both sourcing and sinking). 
The devices have a 10.000V output and will operate in ei- 
ther series or shunt mode; the output is short-clrcult-proof to 
ground. A trim pin is available which permits fine-trimming of 
Vout. snd also permits filtering to greatly decrease the out- 
put noise by adding a small capacitor (0.05 to 0.5 jaF). 


Features 

■ Low Tempco 

■ Excellent initial accuracy 

■ Excellent line regulation 

■ Excellent output impedance 

■ Excellent thermal regulation 

■ Low noise 

■ Easy to filter output noise 


3 ppm/°C (max) 
±5 mV (max) 

4 ppm/V (max) 
±0.8H (max) 

±20 ppm/ 100 mW (max) 


Operates in series or shunt mode 


Applications 

■ High-Resolution Data Acquisition Systems 

■ Digital volt meters 

■ Weighing systems 

■ Precision current sources 
B Test Equipment 


Connection Diagrams 


Metal Can Package (H) 
♦ 



TL/H/9110-1 

Top View 

(Case is connected to ground.) 


Dual-ln-Line Package (N) 
or S.O. Package (M) 


+V,w- 


GROUND — 



Top View 


Order Number LM369DM, LM369DMX,’^* LM369N, 
LM369BN, LM369CN or LM369DN 
See NS Package Number M08A or NOSE 

**X denotes 2500 units on Tape and Reel and is not included in the device 
part number marking 


•Do not connect: internal connection for factory trims. 

Order Number LM169H, LM169BH, 
LM169H/883, LM369H or LM369BH 
See NS Package Number H08C 


TO>226 Plastic Package (RC) 



GROUND 


Bottom View 


TL/H/91 10-28 


Order Number LM369DRC 
See NS Package Number RC03A 
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LM169/LM369 


Absolute Maximum Ratings (Notes) 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales DIP (N) or Plastic (RC) Package, 10 sec. +260®C 

Office/Distributors for availability and specifications. H08 (H) Package, 1 0 sec. + 300°C 

Input Voltage (Series Mode) 35V SO (M) Package, Vapor Phase (60 sec.) + 21 5"C 

Reverse Current (Shunt Mode) 50 mA _ am -c ^ h Th ^ 

See AN-450 Surface Mounting Methods and Their Effect 

Power Dissipation (Note 7) 600 mW qp Product Reliability” (Appendix D) for other methods of 

Storage Temperature Range — 60°Cto +150®C soldering surface mount devices. 

Operating Temperature Range (Tj min to Tj max) ESD Tolerance 

LM169H, LM169H/883 -55"C to + 125^0 Czap = 100 pF, Rzap = 1.5k 800V 

LM369 O^Cto+TO^C 

Electrical Characteristics, LM 169, LM369 (Note 1) 






Units 




Tested 

Design 


Parameter 

Conditions 

Typical 

Limits 

Limit 





(Notes 2,13) 

(Note 3) 

Noted) 

Vout Nominal 


+ 10.000 



V 

Vout Error 

(Note 11) 

50 

±500 


ppm 



0.50 

±5 


mV 

Vout Tempco 






LM169B, LM369B 

Tmin ^ Tmax 

1.0 

3.0 

— 

ppm/^C 

LM169, LM369 

Tmin ^ ^ Tmax 

2.7 

5.0 

— 

ppm/°C 

LM369C 

Tmin Tj < T^ax 

6 

10 

— 

ppm/^C 

(Note 6) (Note 11) 






Line Regulation 

13V ^ V|N ^ 30V 

2.0 

4.0 

8.0 

ppm/V 

Load Regulation 




■M 


Sourcing 

Oto 10 mA 

+ 3 

±8.0 


ppm/mA 

Sinking (Note 1 2) 

0 to - 1 0 mA 

+ 80 

+ 150 


ppm/mA 

(Note 4, Note 9) 






Thermal Regulation 

(t = 1 0 msec 





Sourcing 

After Load 

3.0 

±20 

— 

ppm/ 100 mW 

Sinking (Note 12) 

is Applied) 

3.0 

— 


ppm/ 100 mW 

(Note 5) 






Supply Current 


1.4 

1.8 

2.0 

mA 

ASupply Current 

13V^ V|n^30V 

0.06 

0.12 

0.2 

mA 

Short Circuit 


27 

15 


mA min 

Current 



50 


mA max 

Noise Voltage 

10 Hz to 1 kHz 

10 

30 

— 

jaV rms 


0.1 HztolOHz 

4 


— 

/iVp-p 


(lOHztolOkHz, 

4 

— 

— 

jitV rms 


Cfilter = 0.1 ftF) 





Long-term 

1 000 hours, 

6 

— 

— 

ppm 

Stability 

Tj < Tmax 





(Non-Cumulative) 

(Measured at 





(Note 10) 

+ 25'’C) 





Temperature 

AT = 25‘’C 

3 

— 

— 

ppm 

Hysteresis of Vout 






Output Shift 


1500 

2600 

— 

ppm 

per 1 jaA at Pin 5 
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Electrical Characteristics LM369D (Note d 





Tested 

Design 

Units 

(Max 

Unless 

Noted) 

Parameter 

Conditions 

Typical 

Limits 

Limit 




(Notes 2,13) 

(Note 3) 

Vout Nominal 


+ 10.000 



V 

Vout Error, 


70 

+ 1000 

— 

ppm 

LM369D 


0.7 

±10.0 

— 

mV 

Vout Tempco 
(Note 6) 

Tmin ^ Tj ^ Tmax 

5 


30 

ppm/°C 

Line Regulation 

13V ^ V|N ^ 30V 

2.4 

±6.0 

12 

ppm/V 

Load Regulation 
Sourcing 

0 to 1 0 m A 

+ 3 

±12 

±25 

ppm/mA 

Sinking (Note 12) 

(Note 4, Note 9) 

0 to - 1 0 m A 

+ 80 

+ 160 


ppm/mA 

Thermal Regulation 

(t = 1 0 msec 





Sourcing 

After Load 

4.0 

±25 

— 

ppm/100 mW 

Sinking (Note 1 2) 

(Note 5) 

is Applied) 

4.0 

— 

— 

ppm/ 100 mW 

Supply Current 


1.5 

2.0 

2.4 

mA 

ASupply Current 

13V ^ V|N ^ 30V 

0.06 

0.16 

0.3 

mA 

Short Circuit 


27 

14 

10 

mA min 

Current 



50 

65 

mAmax 

Noise Voltage 

10 Hz to 1 kHz 

10 

30 

— 

ju-V rms 


0.1 Hz to 10 Hz 

4 

— 

— 

(iVp-p 


(10 Hz to 10 kHz, 
Cfiiter = 0-1 f^F) 

4 


— 

jaV rms 

Long-Term 

1000 Hours, 

8 


— 

ppm 

Stability 

T] < Tfnax 





(Non-Cumulative) 

(Measured at 
+ 25“C) 





Temperature 

Hysteresis of Vout 

AT = 25°C 

5 

— 

— 

ppm 

Output Shift 

Per 1 jliA at Pin 5 


1500 

2800 

— 

ppm 


Note 1: Unless otherwise noted, these conditions apply: Tj = +25°C, 13V ^ Vjp ^ 17V, 0 ^ lioad ^1-0 mA, Cl = ^ 200 pF. Specifications in BOLDFACED 
TYPE apply over the rated operating temperature range. 

Note 2: Tested limits are guaranteed and 100% tested In production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not to be used 
to calculate outgoing quality levels. 

Note 4: The LM169 has a Class B output, and will exhibit transients at the crossover point. This point occurs when the device is required to sink approximately 1,0 
mA. In some applications it may be advantageous to pre-load the output to either Vjn or to ground, to avoid this crossover point. 

Note 5: Thermal regulation is defined as the change in the output voltage at a time T after a step change of power dissipation of 1 00 mW. 

Note 6: Temperature Coefficient of Vqut is defined as the worst-case AVout measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (see graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 7: In metal can (H), 0j.c is 75“C/W and 0 j.a is 150*C/W. In plastic DIP, 0 j.a is 160'C/W. In SO-8, 0 j.a is 180’C/W, in TO-226, 0 j.a is ISO'C/W. 

Note 8: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications are not guaranteed beyond 

the Rated Operating Conditions. 

Note 9: Regulation is measured at constant temperature using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered 
under the specifications for Thermal Regulation and Tempco. Load Regulation is measured at a point on the output pin 1/8" below the bottom of the package. 
Note 10: Consult factory for availability of devices with Guaranteed Long-term Stability. 

Note 11: Consult factory for availability of devices with tighter Accuracy and Tempco Specifications. 

Note 12: In Sinking mode, connect 0.1 juF tantalum capacitor from output to ground. 

Note 13: A military RETS electrical test specification is available on request. 
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LM169/LM369 


Typical Performance Characteristics (Notei) 


Quiescent Current vs Input 
Voltage and Temperature 


Dropout Voltage vs 
Output Current (Series 
Mode Sourcing Current) 



INPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 


z 

< 

g 


o 


Output Change vs 



-10 0 +10 


OUTPUT CURRENT (mA) 


Output Impedance 
vs Frequency 



10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Ripple Rejection 



10 100 IK 10K 100K 1M 

FREQUENCY(Hz) 


Start-up Response 



TIME (ms) TL/H/9110-6 


Output Noise vs Frequency 



10 100 10 ^ 10 ^ 10 ® 
FREQUENCY (Hz) 

TL/H/91 10-24 



o 


5 


I 


O 


Output Noise vs Filter 
Capacitor 



FILTER CAPACITOR (PINS TO GROUND) (/iF) 

TL/H/91 10-25 


LM169 Temperature 
Coefficient Specified 
Temperatures (see Note 6) 



-55 0 +50 +100+125 

TEMPERATURE (®C) 


LM369 Temperature 
Coefficient Specified 
Temperatures (see Note 6) 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (®C) 


TL/H/91 10-26 

Typical Temperature Coefficient Calculations: 
LM1 69 (see curve above): 

T.C. = 1.6 mV/(180* X 10V) 

= 8.9 X 10“7 = 0.89ppm/'’C 
LM369 (see curve at left): 

T.C. = 0.5 mV/fTS* X 10V) 

= 6.7 X 10-7 = 0.67ppm/"C 


TL/H/91 10-27 
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Application Hints 

The LM169/LM369 can be applied in the same way as any 
other voltage reference. The adjacent Typical Applications 
Circuits suggest various uses for the LM169/LM369. The 
LM169 is recommended for applications where the highest 
stability and lowest noise is required over the full military 
temperature range. The LM369 is suitable for limited-tem- 
perature operation. The curves showing the Noise vs. Ca- 
pacitance in the Typical Performance Characteristics sec- 
tion show graphically that a modest capacitance of 0.1 to 
0.3 microfarads can cut the broadband noise down to a lev- 
el of only a few microvolts, less than 1 ppm of the output 
voltage. The capacitor used should be a low-leakage type. 
For the temperature range 0 to 50®C, polyester or Mylar® 
will be suitable, but at higher temperatures, a premium film 
capacitor such as polypropylene is recommended. For oper- 
ation at + 125'’C, a Teflon® capacitor would be required, to 
ensure sufficiently low leakage. Ceramic capacitors may 
seem to do the job, but are not recommended for produc- 
tion use, as the high-K ceramics cannot be guaranteed for 
low leakage, and may exhibit piezo-electric effects, convert- 
ing vibration or mechanical stress into excessive electrical 
noise. 

Additionally, the inherent superiority of the LM169/369’s 
buried Zener diode provides freedom from low-frequency 
noise, wobble, and jitter, in the frequency range 0.01 to 10 
Hertz, where capacitive filtering is not feasible. 

Pins 1, 3, 7, and 8 of the LM1 69/369 are connected to 
internal trim circuits which are used to trim the device’s out- 
put voltage and Tempco during final testing at the factory. 
Do not connect anything to these pins, or improper opera- 
tion may result. These pins would not be damaged by a 
short to ground, or by Electrostatic Discharges; however, 
keep them away from large transients or AC signals, as 
stray capacitance could couple noises into the output. 
These pins may be cut off if desired. Alternatively, a shield 
foil can be laid out on the printed circuit board, surrounding 
these pins and pin 5, and this guard foil can be connected to 
ground or to Vout. effectively acting as a guard against AC 
coupling and DC leakages. 

The trim pin (pin 5) should also be guarded away from noise 
signals and leakages, as it has a sensitivity of 1 5 millivolts of 
^Vout per microampere. The trim pin can also be used in 


the circuits shown, to provide an output trim range of ±10 
millivolts. Trimming to a wider range is possible, but is not 
recommended as it may degrade the Tempco and the 
Tempco linearity at temperature extremes. For example, if 
the output were trimmed up to 10.240V, the Tempco would 
be degraded by 8 ppm/°C. As a general rule, Tempco will 
be degraded by 1 ppm/°C per 30 mV of output adjustment. 
The output can sink current as well as source it, but the 
output Impedance is much better for sourcing current. Also, 
the LM1 69/369 requires a 0.1 jitF tantalum capacitor (or, 
0.1 jaF in series with 1 0fl) bypass from the output to ground, 
for stable operation in shunt mode (output sinking current). 
The output has a class-B stage, so if the load current chang- 
es from sourcing to sinking, an output transient will occur. 
To avoid this transient, it may be advisable to preload the 
output with a few milliamperes of load to ground. The 
LM1 69/369 does have an excellent tolerance of load ca- 
pacitance, and in cases of load transients, electrolytic or 
tantalum capacitors in the range 1 to 500 microfarads have 
been shown to improve the output impedance without de- 
grading the dynamic stability of the device. The LM1 69/369 
are rated to drive an output of ± 10 mA, but for best accura- 
cy, any load current larger than 1 mA can cause thermal 
errors (such as, 1 mA X 5V X 4 ppm/100 mW = 0.2 ppm 
or 2 microvolts) and degrade the ultimate precision of the 
output voltage. 

The output is short-circuit-proof to ground. However, avoid 
overloads at high ambient temperatures, as a prolonged 
short-circuit may cause the junction temperature to exceed 
the Absolute Maximum Temperature. The device does not 
include a thermal shut-down circuit. If the output is pulled to 
a positive voltage such as + 1 5 or + 20V, the output current 
will be limited, but overheating may occur. Avoid such over- 
loads for voltages higher than + 20 V, for more than 5 sec- 
onds, or, at high ambient temperatures. 

The LM1 69/369 has an excellent long-term stability, and is 
suitable for use in high-resolution Digital Voltmeters or Data 
Acquisition systems. Its long-term stability is typically 3 to 10 
ppm per 1 000 hours when held near T^ax. ^nd slightly bet- 
ter when operated at room temperature. Contact the factory 
for availability of devices with proven long-term stability. 


Typical Applications 

Series Reference with 
Optional Filter 

Series Reference Shunt Reference with Optional Trim for Reduced Noise 


13V:SV,n:^30V 


LM369 OUT 
GND 

TL/H/9110-2 

NOTE: Pin numbers for H, M or N packages. 


V+ 



.6 OUTPUT 

+ 10.000V 



13V^V| 

M^30V 

I2 

5 

0.1 

IN 

TRIM LM369 OUT 

GND 

1 LOW LEAKAGE | 

r 




TL/H/9110-4 
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LM169/LM369 


Typical Applications (Continued) 

± 10V Reference 


v+ 


± 5V Reference 

+15 



OUTPUT 
+ 10.000V 


OUTPUT 

-10,000V 



Multiple Output Voltages 


23VSV|nS30V 

1 

V 


IN 


OUT 

LM369 


GND 

TRIM 


23V^V,m^35V 


h5-.20V 


IN 

LM369 

6ND 


OUT 


TRIM 


|2 


IN 

OUT 

LM369 


GND 

TRIM 


•10V 


J 4.7 K 


• 20V 


10K 


IN 

OUT 

LM369 


GND 

TRIM 

li- 



-10V 


JL. 0.1 piF 

‘ TANTALUM 


TL/H/91 10-10 


TL/H/9110-9 



R = Thin Film Resistor Network 

0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 OK-1 00-05) 

(Ailen Bradley F08B103A) 
or similar. 


TL/H/91 10-11 


NOTE: Pin numbers for H, M or N packages. 






Typical Applications (Continued) 

Precision Wide-Range Current Source 

+15 


Ai = LF411A, LM607, LM308A 
or similar 

Qi. Q2 = high j8 PNP, 

PN4250. 2N3906, 
or similar 

• = Part of Precision Resistor Network, 
±0.05% Matching, 

(Allen Bradley F08B103A) 

(Caddock T-91 4-1 OK-1 00-05) 
(Beckman 694-3-R-1 OK-A) 
or similar 



(+12Va:VouT^-20V) 


2V 


±10V, ±5V References 


R = Thin Film Resistor Network 

0,05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 OK-1 00-05) 

(Allen Bradley F08B103A) 
or similar. 


+ 15V 



A = 1/4 LF444A or 
1/2 LF412Aor 
LM607 


TL/H/9110-12 


Reference with Booster 100 mA Boosted Reference 
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LM169/LM369 




LM169/LM369 


Typical Applications (Continued) 


Current Source 



2k ^ Rx ^ 10M 


-30V 


TL/H/9110-16 


Precision Current Source 


Qi, Q 2 = high/? PNP, 

PN4250, 2N3906 
or similar 

Ai = LM607, LM11, LF411A 
or similar 


+ 15 



TL/H/9110-17 
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Typical Applications (Continued) 


Oscilloscope Calibrator 




TL/H/91 10-22 


Precision Wide-Range Current Sink 


, _ ■'ov 

“ Rx 

Ai = LM11, LM607 or similar. 

(V3 + 2V) ^ Vout ^ +20V. 

Q1. Q2 = high Beta NPN, 2N3707, 2N3904 or similar. 



TL/H/91 10-19 


Digitally Variable Supply 


Vout = -10V X (Digitally Set Gain). 

Ai = LM11A, LM607, or similar. 

MDAC = DAC1220. DAC1208, DAC1230. or similar. 



TL/H/91 10-20 
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LM169/LM369 




Typical Applications (Continued) 

Ultra-Low-Noise Statistical Reference 


+15V 



200ft ^ R ^ 1k 

When N pieces of LM369 are used, the Vqui noise is decreased by a factor of ^ 

If the output buffer is not used, for lowest noise add 0.1 julF Mylar® from ground to pin 5 of each LM369. 


TL/H/91 10-23 


LM169 Block Diagram 



+VS 

VOUT 


TRIM AND 
FILTER 

GROUND 


TL/H/91 10-15 


■Do not connect: internal connection for factory trim. 












National Semiconductor 

LM185/LM285/LM385 

Adjustable Micropower Voltage References 

General Description 

The LM185/LM285/LM385 are micropower 3-terminal ad- 
justable band-gap voltage reference diodes. Operating from 
1 .24 to 5.3V and over a 1 0 /xA to 20 mA current range, they 
feature exceptionally low dynamic impedance and good 
temperature stability. On-chip trimming is used to provide 
tight voltage tolerance. Since the LM185 band-gap refer- 
ence uses only transistors and resistors, low noise and 
good long-term stability result. 

Careful design of the LM185 has made the device tolerant 
of capacitive loading, making it easy to use in almost any 
reference application. The wide dynamic operating range 
allows its use with widely varying supplies with excellent 
regulation. 

The extremely low power drain of the LM1 85 makes it useful 
for micropower circuitry. This voltage reference can be used 
to make portable meters, regulators or general purpose an- 


alog circuitry with battery life approaching shelf life. Further, 
the wide operating current allows it to replace older refer- 
ences with a tighter tolerance part. 

The LM185 is rated for operation over a -55“C to 125“C 
temperature range, while the LM285 is rated -40°C to 85°C 
and the LM385 0°C to 70°C. The LM185 is available in a 
hermetic TO-46 package and a leadless chip carrier pack- 
age, while the LM285/LM385 are available in a low-cost 
TO-92 molded package, as well as S.O. 

Features 

m Adjustable from 1 .24V to 5.30V 
m Operating current of 1 0 jaA to 20 mA 
m 1% and 2% initial tolerance 
□ 1 ft dynamic impedance 
m Low temperature coefficient 



Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5250-9 

Bottom View 

Order Number LM285BXZ, 
LM285BYZ, LM285Z, LM385BXZ, 
LM385BYZ, LM385BZ or LM385Z 
See NS Package Number Z03A 


TO-46 

Metal Can Package 



TL/H/5250-1 

Bottom View 

Order Number 
LM185BH, LM185BH/883, 
LM185BYH or LM185BYH/883 
See NS Package Number H03H 


SO Package 

+ NC NC FB 



Order Number LM285M, LM285BYM, 
LM385BM or LM385M 
See NS Package Number M08A 


Block Diagram Typical Applications 


o 

© 

o 


TL/H/5250-2 
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LM185/LM285/LM385 



LM185/LM285/LM385 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Reverse Current 30 mA 

Forward Current 10 mA 


Operating Temperature Range (Note 3) 
LM185 Series 
LM285 Series 
LM385 Series 


-55"Cto125°C 
-WCtoSS-C 
0"Cto TO'C 


Storage Temperature 


-55“C tolSO^C 


Solderihg Information 

TO-92 Package (10 sec.) 260“C 

TO-46 Package (1 0 sec.) OOO^C 

SO Package 

Vapor Phase (60 sec.) 215“C 

Infrared (15 sec.) 220"C 


See An-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM185,LM285 

LM385 

Units 

(Limit) 

Typ 

LM185BX, LM185BY 
LM185B, LM285BX, 
LM285BY 

LM285 

Typ 

LM385BX, 

LM385BY 

LM385 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Reference Voltage 

Ir = 100 fiA 


1.252 

1.255 

1.228 

1.215 




1.240 

1.252 

1.228 


1.265 

1.215 


V 

(max) 

V 

(min) 

Reference Voltage 
Change with Current 

Imin < !r < f nriA 

1 mA < Ir < 20 mA 

0.2 

4 

1 

10 

1.5 

20 

■ 


0.2 

5 

1 

15 

1.5 

25 

1 

15 


mV 

(max) 

Dynamic Output 
Impedance 

Ir = 100jLiA,f = 100 Hz 

Iac = 0.1 Ir Vqut = Vref 
V ouT = 5.3V 

0.3 

0.7 





0.4 

1 


■ 



n 

Reference Voltage 
Change with Output 
Voltage 

Ir = 1 00 ju,A 

1 

3 

6 

3 

6 

2 

5 

10 

5 

10 

mV 

(max) 

Feedback Current 



20 

25 

20 


■a 

30 



35 

nA (max) 

Minimum Operating 
Current (see curve) 

Vqut = Vref 

Vqut = 5.3V 

R 

9 

45 

10 

50 



B 




13 

60 

ju,A 

(max) 

Output Wideband 
Noise 

Ir = lOOjuiA, 10Hz <f< 10kHz 
Vqut = Vref 

Vqut = 5.3V 

50 

170 










M'Vrms 

Average Temperature 
Coefficient (Note 7) 

Ir = 100jliA X Suffix 

Y Suffix 

All Others 


30 

50 

150 



1 





ppm/“c 

(max) 

Long Term Stability 

Ir = 100/xA,T = 1000 Hr, 

Ta = 25*c ± o.rc 

20 





20 





ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 


Note 2: Refer to RETS185H for military specifications. 
Note 3: For elevated temperature operation, Tj max is: 
LM185 150“C 

LM285 laS-C 

LM385 100*C 


Note 4: Parameters identified with boldface type apply at temperature extremes. All other numbers apply at Ta = Tj = 25“C. Unless otherwise specified, all 
parameters apply for Vref < Vqut < 5.3V. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not to be used to calculate average outgoing quality levels. 

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures from T^in to T^ax. divided by 
Tmax ~ Tmin- The measured temperatures are -55, -40, 0, 25, 70, 85, 125*0. 


Thermai Resistance 

TO-92 

TO-46 

SO-8 

8ja (Junction to Ambient) 

180*0^(0.4" leads) 
170*C/W (0.125" leads) 

440*C/W 

165*C/W 

8jc (Junction to Case) 

N/A 

80*C/W 

N/A 
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niii 


i 


s 

1 

I 

1 

11 



Iliillll 

SSiiiiSSiiillll 



0.01 0.1 1 10 100 
REVERSE CUnnENT (PA) 


Dynamic Output Impedance 


0.01 0.1 1 10 
FORUARO CURRENT (mA) 

Response Time 






10 100 Ik 10k 100k 

FREQUENCY (Hz) 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 

0 50 100 ISO 200 

TIME (/IS) 

TL/H/5250-3 

LM185 

Temperature Coefficient Typical 

LM285 

Temperature Coefficient Typical 

LM385 

Temperature Coefficient Typical 



Z5 0 + 25 + 70 + 85 +125 

TEiyiPERATURE CC) 



-55-40 0 +Z5 +70 + 85 +1Z5 

TEMPERATURE ("C) 

L&0.025 

-L_^/0C ► 0.002 

.ppm/»C ^ TEMPCO 




0 

mV/»cL_^ 


— b>o.032 
0.0026 


-PDm/«C— &-r26l TEMPC0=: 


.... 

TL/H/5250-4 


LM185/LM285/LM385 







Typical Applications (Continued) 

Precision 10V Reference Low AC Noise Reference 



Series-Shunt 20 mA Reguiator High Efficiency Low Power Regulator 



TL/H/5250-5 






LM185/LM285/LM385 













LM185/LM285/LM385 


Typical Applications (Continued) 

Simple Floating Current Detector 

OTO 20 mA 



Current Source 

+ 15V 



Precision Floating Current Detector 


OTO 20 mA 



TL/H/5250-7 

* D1 can be any LED, Vf= 1.5V to 2.2V at 3 mA. D1 may act as an 
indicator. D1 will be on if Ithreshold below the threshold current, 
except with I = 0. 
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Typical Applications (Continued) 

Centigrade Thermometer, 10 mV/°C Freezer Alarm 




TL/H/5250-12 


Schematic Diagram 



TL/H/5250-8 


Connection Diagrams (Continued) 



Order Number LM185BE/883 
See NS Package Number E20A 


TL/H/5250-15 
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LM185/LM285/LM385 



LM 1 85-1 .2/LM285-1.2/LM385-1 .2 



National Semiconductor 


LM185-1.2/LM285-1.2/LM385-1.2 
Micropower Voltage Reference Diode 


General Description 

The LM185-1.2/LM285-1.2/LM385-1.2 are micropower 
2-terminal band-gap voltage regulator diodes. Operating 
over a 1 0 jaA to 20 mA current range, they feature excep- 
tionally low dynamic impedance and good temperature sta- 
bility. On-chip trimming is used to provide tight voltage toler- 
ance. Since the LM185-1.2 band-gap reference uses only 
transistors and resistors, low noise and good long term sta- 
bility result. 

Careful design of the LM185-1.2 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 

The extremely low power drain of the LM185-1.2 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf life. 
Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. 


The LM185-1.2 is rated for operation over a -55“C to 
125‘*C temperature range while the LM285-1.2 is rated 
-40"C to 85*0 and the LM385-1 .2 0“C to 70“C. The LM185- 
1.2/LM285-1.2 are available in a hermetic TO-46 package 
and the LM285-1.2/LM385-1.2 are also available In a low- 
cost TO-92 molded package, as well as S.O. The LM185- 
1 .2 is also available in a hermetic leadiess chip carrier pack- 
age. 

Features 

■ ±4 mV (±0.3%) max. Initial tolerance (A grade) 

■ Operating current of 1 0 jaA to 20 mA 

■ 0.6n max dynamic impedance (A grade) 

■ Low temperature coefficient 

■ Low voltage reference — 1 .235V 

■ 2.5V device and adjustable device also available 
— LM1 85-2.5 series and LM185 series, respectively 


Connection Diagrams 


TO-92 

Plastic Package (Z) 



Order Number LM285Z-1.2, 
LM285AZ-1.2, LM285AXZ-1.2, 
LM285AYZ-1.2, LM285BXZ-1.2, 
LM285BYZ-1.2, LM385Z-1.2, 
LM385AZ-1.2, LM385AXZ-1.2, 
LM385AYZ-1.2, LM385BZ-1.2, 
LM385BXZ-1.2 or LM385BYZ-1.2 
See NS Package Number Z03A 


SO Package 
Alternate Pinout 



TL/H/5518-11 


TO-46 

Metal Can Package (H) 



Order Number LM185H-1.2, 
LM185H-1.2/883, LM185BXH-1.2, 
LM185BYH-1.2/883, LM285H-1.2, 
LM285BXH-1.2 or LM285BYH-1.2 
See NS Package Number H02A 


SO Package 


♦ NC NC NC 



TL/H/5518-9 

Order Number LM285M-1.2, 
LM285AM-1.2, LM285AXM-1.2, 
LM285AYM-1.2, LM285BXM-1.2, 
LM285BYM-1.2, LM385M-1.2, 
LM385AM-1.2, LM385AXM-1.2, 
LM385AYM-1.2, LM385BM-1.2, 
LM385BXM-1.2 or LM385BYM-1.2 
See NS Package Number M08A 


Order Number LM385SM-1.2, 
LM385ASM-1.2 or LM385BSM-1.2 
See NS Package Number M08A 


Typical Application 

Wide Input 
Range Reference 


V|N = 2.3V TO 30V 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Reverse Current 30 mA 

Forward Current 1 0 mA 

Operating Temperature Range (Note 3) 

LM185-1.2 -55°Cto +125°C 

LM285-1.2 -40‘’Cto +85°C 

LM385-1.2 0”Cto70°C 


Storage Temperature — 55°C to + 1 50°C 

Soldering Information 

TO-92 package: 1 0 sec. 260°C 

TO-46 package: 1 0 sec. 300°C 

SO package: Vapor phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220“C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Note 4) 





LM285A-1.2 



LM385A-1.2 





LM285AX-1.2 

LM385AX-1.2 


Parameter 

Conditions 


LM285AY-1.2 

LM385AY-1.2 

Units 


Tested 

Design 


Tested 

Design 

(Limit) 



Typ 

Limit 

Limit 

Typ 

Limit 

Limit 





(Notes 5, 8) 

(Note 6) 


(Note 5) 

(Note 6) 


Reverse Breakdown 

Ir = lOOjLtA 

1.235 

1.231 


1.235 

1.231 


V(Min) 

Voltage 


1.230 

1.239 

1.220 

1.235 

1.239 

1.225 

V(Max) 

V(Min) 





1.245 



1.245 

V(Max) 

Minimum Operating 
Current 


7 

8 

10 

7 

8 

10 

fxA 

(Max) 

Reverse Breakdown 

Imin ^ Ir ^ 1 mA 


1 

1.5 


1 

1.5 

mV 

Voltage Change with 








(Max) 

Current 

1 mA ^ Ir ^ 20 mA 


10 

20 


10 

20 

mV 









(Max) 

Reverse Dynamic 

Ir = lOOjLiA.f = 20 Hz 

0.2 


0.6 

0.2 


0.6 

n 

Impedance 




1.5 



1.5 

(Max) 

Wideband Noise (rms) 

Ir = 100 juA. 

10 Hz ^ f ^ 10 kHz 

60 



60 




Long Term Stability 

Ir = 100/xA,T = 1000 Hr. 
Ta = 25°c ±o.rc 

20 



20 



ppm 

Average Temperature 

Imin ^ Ir ^ 20 mA 








Coefficient (Note 7) 

X Suffix 


30 



30 


ppm/°C 


Y Suffix 

All Others 


50 

150 


50 

150 

(Max) 
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LM185-1.2/LM285-1.2/LM385-1.2 



LM185-1.2/LM28S-1.2/LM385-1.2 


Electrical Characteristics (Continued) (Note 4) 


Parameter 

Conditions 

Typ 

LM185-1.2 

LM185BX-1.2 

LM185BY-1.2 

LM285-1.2 

LM285BX-1.2 

LM285BY-1.2 

LM385B-1.2 

LM385BX-1.2 

LM385BY-1.2 

LM385-1.2 

Units 

(Limit) 

Tested 

Limit 

(Notes 5, 8) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Reverse Breakdown 
Voltage 

Ta = 25“C, 

10 jaA ^ Ir ^ 20 mA 


1.223 

1.247 


1 ^ 


1.205 

1.260 


V(Min) 

V(Max) 

Minimum Operating 
Current 


8 

10 

20 

16 

20 

15 

20 

fxA 

(Max) 

Reverse Breakdown 
Voltage Change with 
Current 

10 /xA ^ Ir ^ 1 mA 


1 

m 

1 

1.5 

■ 

1.5 

mV 

(Max) 

1 mA ^ Ir ^ 20 mA 


10 

20 

20 

25 

20 

25 

mV 

(Max) 

Reverse Dynamic 
impedance 

Ir= 100fxA,f = 20 Hz 

1 







n 

Wideband Noise (rms) 

Ir = lOOjutA, 

lOHz^f ^ 10kHz 

60 







jaV 

Long Term Stability 

Ir = 100jULA,T = 1000 Hr, 

Ta = 25“C ±o.rc 

20 







ppm 

Average Temperature 
Coefficient (Note 7) 

Ir = 100 jxA 

X Suffix 

Y Suffix 

All Others 


30 

50 




1 

150 

ppmAC 

ppm/“C 

ppm/®C 

(Max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2: Refer to RETS185H-1.2 for military specifications. 

Note 3: For elevated temperature operation, Tj max is; 

LM185 150“C 

LM285 125»C 

LM385 100“C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

8ja (junction to ambient) 

180*0^(0.4" leads) 
170*C/W (0.125" leads) 

440*C/W 

165*C/W 

8jc Gunction to case) 

N/A 

80*C/W 

N/A 


Note 4: Parameters identified with boldface type apply at temperature extremes. All other numbers apply at Ta = Tj = 25‘’C. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate average outgoing quality levels. 

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating T^ax 
and Tmin, divided by T^ax ~ Tmin- The measured temperatures are -55*C, -40*C, 0*C, 25*0, TO’C, OS^C, 125*C. 

Note 8: A military RETS electrical specification is available on request. 
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Typical Performance Characteristics 


Reverse Characteristics 









T; 

k = 12E 



Ta 

= -55 

' 

“C 


/TAp5°( 

L 





0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

REVERSE VOLTAGE (V) 



Temperature Drift of 3 
Representative Units 



-55-35-15 5 25 45 65 85 105125 
TEMPERATURE (“C) 


Reverse Dynamic Impedance 



0.01 0.1 1 10 100 


REVERSE CURRENT (mA) 


Reverse Dynamic Impedance 

10k 

g Ik 

0 

1 

2 

^ 10 
^ 1 
0.1 

10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 




TL/H/5518-3 
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LM185-1.2/LM285-1.2/LM38S-1.2 



LM185-1.2/LM285-1.2/LM385-1.2 








Typical Applications (Continued) 


METER THERMOMETERS 

0°C - 1 00°C Thermometer Lower Power Thermometer 




* 2N3638 or 2N2907 select for inverse HpE - 5 
t Select for operation at 1.3V 
t Iq = 600 /iA to 900 fiA 


Calibration 

1. Short LM385-1.2, adjust R3 for louT=^temp at 1 jbiA/°K 

2. Remove short, adjust R2 for correct reading in centigrade 
tlQat1.3Vs 500 jliA 

Iq at 1.6V = 2.4 mA 


0°F-50“F Thermometer 



Calibration 

1. Short LM385-1.2, adjust R3 for louT= l-S mA/^K 

2. Remove short, adjust R2 for correct reading in "F 


Micropower Thermocouple Cold Junction Compensator 



COLD JUNCTION 
ISOTHERMAL 
WITH LM334 

TL/H/5518-5 


Adjustment Procedure 

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature 
multiplied by the thermocouple Seebeck coefficient. 


2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
Seebeck coefficient multiplied by 273.2. 


Thermocouple 

Seebeck 

R1 

R2 

Voltage 

Voltage 

Type 

Coefficient 

(fiV/»C) 

(ft) 

(ft) 

Across R1 
@25'’C 
(mV) 

Across R2 
(mV) 

J 

52.3 

523 

1.24k 

15.60 

14.32 

T 

42.8 

432 

Ik 

12.77 

11.78 

K 

40.8 

412 

953ft 

12.17 

11.17 

S 

6.4 

63.4 

150ft 

1.908 

1.766 


Typical supply current 50 /xA 
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LM185-1.2/LM285-1.2/LM385-1.2 





LM185-1.2/LM285-1.2/LM385-1.2 


Typical Applications (Continued) 



Centigrade Thermometer 


1. Adjust R1 so that V1 = temp at 1 mV/^K 

2. Adjust V2 to 273.2 mV 

. tlQ for 1.3V to 1.6V battery volt- 
age = 50 fiA to 1 50 fxA 


Schematic Diagram 


02 I— I 05 


► m 5R3 

► 100k SSOO 


Connection Diagrams (Continued) 


C2 Q” 

20 pF I ^ 



Order Number LM185E-1.2/883 
See NS Package Number E20A 






National Semiconductor 


LM185-2.5/LM285-2.5/LM385-2.5 Micropower 
Voltage Reference Diode 


General Description 

The LM185-2.5/LM285-2.5/LM385-2.5 are micropower 2- 
terminal band-gap voltage regulator diodes. Operating over 
a 20 /jlA to 20 mA current range, they feature exceptionally 
low dynamic impedance and good temperature stability. On- 
chip trimming is used to provide tight voltage tolerance. 
Since the LM-1 85-2.5 band-gap reference uses only transis- 
tors and resistors, low noise and good long term stability 
result. 

Careful design of the LM1 85-2.5 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 

The extremely low power drain of the LM1 85-2.5 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf life. 


Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. For applications re- 
quiring 1.2V see LM185-1.2. 

The LM1 85-2.5 is rated for operation over a -55'’C to 
125®C temperature range while the LM285-2.5 is rated 
-WC to 85°C and the LM385-2.5 0"C to 70”C. The LM185- 
2.5/LM285-2.5 are available in a hermetic TO-46 package 
and the LM285-2.5/LM385-2.5 are also available in a low- 
cost TO-92 molded package, as well as S.O. The LM1 85-25 
Is also available in a hermetic leadless chip carrier package. 

Features 

■ ±20 mV (±0.8%) max. initial tolerance (A grade) 

■ Operating current of 20 juA to 20 mA 

■ 0.6fl dynamic impedance (A grade) 

■ Low temperature coefficient 

■ Low voltage reference — 2.5V 

■ 1.2V device and adjustable device also available — 
LM185-1.2 series and LM185 series, respectively 


Applications 


Wide Input Range Reference 

V(n = 3.7VT0 30V 
I LM334 


^^LM385-2.5 

I 

■=■ TL/H/5519-12 



Micropower Reference from 9V Battery 


9V 



TL/H/5519-2 


Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5519-8 

Bottom View 

Order Number LM285Z-2.5, 
LM285AZ-2.5, LM285AXZ-2.5, 
LM285AYZ-2.5, 

LM285BXZ-2.5, LM285BYZ-2.5, 
LM385Z-2.5, LM385AZ-2.5, 
LM385AXZ-2.5, LM385AYZ-2.5, 
LM385BZ-2.5, LM385BXZ-2.5 
or LM385BYZ-2.5 
See NS Package Number Z03A 


TO-46 

Metai Can Package 



TL/H/5519-13 

Bottom View 

Order Number LM185H-2.5, 
LM185H-2.5/883 

LM185BXH-2.5, LM185BXH-2.5/883, 
LM185BYH-2.5, LM185BYH2.5/883, 
LM285H-2.5, LM285BXH-2.5 
or LM285BYH-2.5 
See NS Package Number H02A 


SO Package 


♦ NC NC NC 



Order Number LM285M-2.5, 
LM285AM-2.5, LM285AXM-2.5, 
LM285AYM-2.5, LM285BXM-2.5, 
LM285BYM-2.5, LM385M-2.5, 
LM385AM-2.5, LM385AXM-2.5, 
LM385AYM-2.5, LM385BM-2.5, 
LM385BXM-2.5 or LM385BYM-2.5 
See NS Package Number M08A 
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LM185-2.5/LM285-2.5/LM385-2.5 


Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
piease contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 2) 

Reverse Current 30 mA 

Forward Current 10 mA 

Operating Temperature Range (Note 3) 

LM 185-2.5 
LM285-2.5 
LM385-2.5 

Electrical Characteristics (Note 4) 


-55”Cto + 125°C 
-40°Cto + 85°C 
0°Cto70°C 


Storage Temperature 
Soldering Information 
TO-92 Package (10 sec.) 
TO-46 Package (10 sec.) 
SO Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


-55"Cto + 150"C 

260“C 

300‘’C 

215°C 

220‘’C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 





LM285A-2.5 

LM385A-2.5 





LM285AX-2.5 

LM385AX-2.5 


Pararheter 



LM285AY-2.5 

LM385AY-2.5 

Units 

Conditions 

Typ 





Tested 

Design 

Tested 

Design 

(Limits) 






Limit 

Limit 

Limit 

Limit 





(Notes 5, 8) 

(Note 6) 

(Note 5) 

(Note 6) 


Reverse Breakdown 

Ir=100julA 

2.500 

2.480 


2.480 


V(Min) 

Voltage 


2.500 

2.520 

2.460 

2.520 

2.470 

V(Max) 

V(Min) 





2.535 


2.530 

V(Max) 

Minimum Operating 


12 

18 

20 

18 

20 

/xA 

Current 


(Max) 

Reverse Breakdown 

•min ^ Ir ^ 1mA 


1 

1.5 

1 

1.5 

mV 

Voltage Change with 







(Max) 

Current 

1 mA ^ Ir ^ 20 mA 


10 

20 

10 

20 

mV 








(Max) 

Reverse Dynamic 

Ir = 100 jliA, 

0.2 


0.6 


0.6 

a 

Impedance 

f = 20 Hz 


1.5 


1.5 

Wideband Noise (rms) 

Ir = 100 juA 

10 Hz ^ f ^ 10 kHz 

120 






Long Term Stability 

Ir = lOOjaA, 

T = 1000 Hr, 

Ta = 25°c ±o.rc 






ppm 

Average Temperature 

Imin ^ Ir ^ 20 mA 







Coefficient (Note 7) 

X Suffix 


30 




ppm/^C 


Y Suffix 

All Others 


50 

150 



(Max) 
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Electrical Characteristics (continued) (Note 4) 


Parameter 

Conditions 

Typ 

LM185-2.5 

LM185BX-2.5 

LM185BY-2.5 

LM285-2.5 

LM285BX-2.5 

LM285BY-2.5 

LM385B-2.5 

LM385BX-2.5 

LM385BY-2.5 

LM385-2.5 

Units 

(Limit) 

Tested 

Limit 

(Notes 5, 8) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Reverse Breakdown 
Voltage 

Ta = 25°C, 

20 jmA ^ Ir ^ 20 mA 

2.5 

2.462 

2.538 


2.462 

2.538 


2.425 

2.575 


V(Min) 

V(Max) 

Minimum Operating 
Current 


13 

20 

30 

20 

30 

20 

30 

jliA 

(Max) 

Reverse Breakdown 
Voltage Change with 
Current 

20 jiiA ^ Ir ^ 1 mA 


1 

1.5 

2.0 

2.5 

2.0 

2.5 

mV 

(Max) 

1 mA ^ Ir ^ 20 mA 


10 

20 

20 

25 

20 

25 

mV 

(Max) 

Reverse Dynamic 
Impedance 

Ir = 100 (jlA, 
f = 20 Hz 

1 







n 

Wideband Noise (rms) 

Ir = lOOjLtA, 

10 Hz ^ f ^ 10 kHz 

120 







fiV 

Long Term Stability 

Ir = 100 /xA, 

T= 1000 Hr, 

Ta == 25°c ±o.rc 

20 







ppm 

Average Temperature 
Coefficient (Note 7) 

Ir = 100 jliA 

X Suffix 

Y Suffix 

All Others 


30 

50 

150 

30 

50 

150 


150 

ppm/°C 

ppm/°C 

ppm/°C 

(Max) 


Note 1: Absolute Maximum Ratings inciicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 

Note 2; Refer to RETS185H-2.5 for military specifications. 

Note 3: For elevated temperature operation, Tj (^ax is: 

LM185 150->C 

LM285 125*C 

LM385 100“C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

8ja (Junction to Ambient) 

180*C/W(0.4" Leads) 
170‘’C/W(0.125'' Leads) 

440-C/W 

165“C/W 

(Junction to Case) 

N/A 

80*C/W 

N/A 



Note 4: Parameters identified with boldface type apply at temperature extremes. All other numbers apply at Ta = Tj = 25*0. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate average outgoing quality levels. 

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating Tmax 
and Twin, divided by Tmax-T^in- The measured temperatures are -55“C, -40'’C, 0°C, 25*C, TO'C, OS^C, 125®C. 

Note 8: A military RETS electrical specification available on request. 
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LM185-2.5/LM285-2.5/LM385-2.5 


Typical Performance Characteristics 



Forward Characteristics 



0.01 0.1 1 10 100 
FORWARD CURRENT (mA) 


Temperature Drift 



TEMPERATURE rC) 


Reverse Dynamic 
Impedance 



REVERSE CURRENT (mA) 


Reverse Dynamic 
Impedance 




Filtered Output Noise 


Response Time 


FREQUENCY (H 2 ) 



100 Ik 10k 

CUTOFF FREQUENCY (Hz) 



A 1 1 



/ ioUTPUT 



/ mwT 




1 “ 




OUTPUT 




* ■ 


















INPUT 



HZ 






0 . 200 400 600 

TIMEIpi) 


,TL/H/5519-3 


Connection Diagram 

-GND 



TL/H/5519-14 

Order Number LM185E-2.5/883 
See NS Package Number E20A 
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LM385-2.5 Applications (Continued) 


Micropower Thermocouple Cold Junction Compensator 



ISOTHERMAL 
WITH LM334 


Adjustment Procedure 

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature 
multiplied by the thermocouple Seebeck coefficient. . 

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
Seebeck coefficient multiplied by 273.2. 


TL/H/5519-6 


Thermocouple 

Seebeck 

Co- 

R1 

Type 

efficient 

(ft) 

J 

52.3 

523 

T 

42.8 

432 

K 

40.8 

412 

S 

6.4 

63.4 

Typical supply current 50 p, A 



Schematic Diagram 


R2 

(ft) 

Voltage 
Across R1 
@25X 
(mV) 

Voltage 
Across R2 
(mV) 

1.24k 

15.60 

14.32 

Ik 

12.77 

11.78 

953ft 

12.17 

11.17. 

150ft 

1.908 

1.766 


Improving Regulation of Adjustable 
Regulators 
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National Semiconductor 


LM199/LM299/LM399/LM3999 Precision Reference 


General Description 

The LM199 series are precision, temperature-stabilized 
monolithic zeners offering temperature coefficients a factor 
of ten better than high quality reference zeners. Construct- 
ed on a single monolithic chip is a temperature stabilizer 
circuit and an active reference zener. The active circuitry 
reduces the dynamic impedance of the zener to about 0.5n 
and allows the zener to operate over 0.5 mA to 10 mA cur- 
rent range with essentially no change in voltage or tempera- 
ture coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability compared 
to ordinary monolithic zeners. The package is supplied with 
a thermal shield to minimize heater power and improve tem- 
perature regulation. 

The LM199 series references are exceptionally easy to use 
and free of the problems that are often experienced with 
ordinary zeners. There is virtually no hysteresis in reference 
voltage with temperature cycling. Also, the LM199 is free of 
voltage shifts due to stress on the leads. Finally, since the 
unit is temperature stabilized, warm up time is fast. 

The LM199 can be used in almost any application in place 
of ordinary zeners with improved performance. Some ideal 
applications are analog to digital converters, calibration 
standards, precision voltage or current sources or precision 
power supplies. Further in many cases the LM199 can re- 
place references in existing equipment with a minimum of 
wiring changes. 


The LM199 series devices are packaged in a standard her- 
metic TO-46 package inside a thermal shield. The LM199 Is 
rated for operation from -55°C to + 1 25°C while the LM299 
is rated for operation from -25°C to + 85“C and the LM399 
Is rated from O^C to + 70“C. 

The LM3999 is packaged in a standard TO-92 package and 
is rated from 0“C to + 70°C 

Features 

Q Guaranteed 0.0001 %rc temperature coefficient 
Q Low dynamic impedance — 0.5fi 
m Initial tolerance on breakdown voltage — 2% 
so Sharp breakdown at 400 jaA 

□ Wide operating current — 500 ju,A to 1 0 mA 
m Wide supply range for temperature stabilizer 
B Guaranteed low noise 

□ Low power for stabilization — 300 mW at 25'’C 
5 Long term stability — 20 ppm 

m Proven reliability, low-stress packaging In TO-46 inte- 
grated-circuit hermetic package, for low hysteresis after 
thermal cycling. 33 million hours MTBF at Ta = +25“C 
(Tj = +86°C) 

□ Certified long term stability available 

□ MIL-STD-883 compliant 


Connection Diagrams Functionai Biock Diagrams 


Metal Can Package (TO-46) 



TL/H/5717-14 

Top View 

LM199/LM299/LM399 (See Table on fourth page) 
NS Package Number H04D 

Plastic Package TO-92 



TL/H/5717-10 

Bottom View 

LM3999 (See Table on fourth page) 

NS Package Number Z03A 


LM199/LM299/LM399 
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LM199/LM299/LM399/LM3999 


Absolute Maximum Ratings 

Specifications for Miiitary /Aerospace products are not 
contained in this datasheet. Refer to the foiiowing Reli- 
abiiity Eiectricai Test Specifications documents: 
RETS199X for LM199, RETS199AX for LM199A. 


Temperature Stabilizer Voltage 
LM199/LM299/LM399 40V 

LM3999 36V 

Reverse Breakdown Current 20 mA 

Forward Current 

LM199/LM299/LM399 1 mA 

LM3999 -0.1 mA 


Reference to Substrate Voltage V(rs) (Note 1) 40V 

-0.1V 

Operating Temperature Range 
LM199 
LM299 

LM399/LM3999 
Storage Temperature Range 
Soldering Information 
TO-92 package (10 sec.) 

TO-46 package (10 sec.) 


-55“Cto +125“C 
-25°Cto +85“C 
-0“C to +70“C 
-SS^Cto +150®C 

+ 260‘’C 
TSOO^C 


Electrical Characteristics (Notes 2, 5) 


Parameter 

Conditions 

LMig9H/LM299H 


LM399H 

Units 







Min 

Typ 

Max 

Min 

Typ 

Max 




Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA . 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 
Change with Current 

0.5 mA ^ Ir ^ 10 mA 


6 

9 


6 

12 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 

-55‘’C^Ta^+85“C 1 
+ 85°C£:Ta^ + 125“CJ 


0.00003 

0.0001 




%/“C 

Temperature Coefficient 


0.0005 

0.0015 




%/“C 


-25‘’C^Ta^85“C LM299 


0.00003 

0.0001 




%/“C 


0'’C^Ta^+70‘’C LM399 





0.00003 

0.0002 

%/°c 

RMS Noise 

10 Hz^f^ 10 kHz 


7 

20 


7 

50 

pV 

Long Term Stability 

Stabilized, 22 '’C^Ta^28‘’C, 

1000 Hours, Ir = 1 mA±0.1% 


20 





ppm 

Temperature Stabilizer 

Ta= 25“C, Still Air, Vs = 30V 




n 



mA 

Supply Current 

Ta = - 55‘’C 







Temperature Stabilizer 

Supply Voltage 


9 



9 



V 

Warm-Up Time to 0.05®/o 

Vs = 30V, Ta = 25“C 


3 



3 


sec. 

Initial Turn-on Current 

9 ^ Vs ^ 40, Ta = + 25“C, (Note 3) 


140 

200 


140 

200 

mA 


Electrical Characteristics (Notea) 


Parameter 


Reverse Breakdown Voltage 

Reverse Breakdown Voltage 
Change with Current 

Reverse Dynamic Impedance 

Reverse Breakdown 
Temperature Coefficient 

RMS Noise 
Long Term Stability 


Temperature Stabilizer 

Temperature Stabilizer 
Supply Voltage 


Conditions 


0.6 mA ^ Ir 10 mA 
0.6 mA ^ Ir ^ 10 mA 


Min 

6.6 


LM3999Z 

Typ 

6.95 


Max 

7.3 


Units 


V 


6 


20 


mV 


Ir = 1 mA 
O^C ^ Ta ^ 70"C 


0.6 2.2 n 


0.0002 


0.0005 


%/“C 


10 Hz ^ f ^ 10 kHz 

Stabilized, 22'’C ^ Ta ^ 28°C, 
1000 Hours. Ir = 1 mA ±0.1% 

Ta = 25°C, Still Air, Vs = 30V 


7 

20 


12 


ju,V 


18 


36 


ppm 


mA 


V 


Vs = 30V, Ta = 25°C I I 5 

9 ^ Vs ^ 40, Ta = 25°C 


Warm-Up Time to 0.05% 
Initial Turn-On Current 
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140 


200 


sec. 

mA 












Electrical Characteristics (Notes 2, 5) 

Parameter 


LM199AH, LM299AH 

LM399AH 





Effii 

BBS 


Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA 

6.8 

6.95 

7.1 

on 




Reverse Breakdown Voltage 
Change with Current 

0.5 mA ^ Ir ^ 10 mA 


6 

9 


D 



Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 




n 

Reverse Breakdown 
Temperature Coefficient 

-55-C^Ta^+85“C 1 
+ 85“C^Ta^ + 125“CJ 
- 25°C ^ Ta ^ 85“C LM299A 

0‘’C^Ta^+70'’C LM399A 


0.00002 

0.0005 

0.00002 

0.00005 

0.0010 

0.00005 


0.00003 

0.0001 

%/“C 

%/“C 

%/“C 

%/'*C 

RMS Noise 

10Hz ^f^ 10kHz 


7 

20 


7 

50 


Long Term Stability 

Stabilized, 22 '’C^Ta^28‘’C, 

1000 Hours, Ir= 1 mA±0.1% 


20 



20 


ppm 

Temperature Stabilizer 

Supply Current 

Ta= 25°C. Still Air, Vs = 30V 

Ta = - 55"C 


8.5 

22 

14 

28 


8.5 

15 

mA 

Temperature Stabilizer 

Supply Voltage 


9 


40 

9 


40 

V 

Warm-Up Time to 0.05% 

Vs = 30V, Ta = 25‘’C 


3 



3 


sec. 

Initial Turn-on Current 

9 ^ Vs ^ 40, Ta = + 25‘’C, (Note 3) 


140 

200 


140 

200 

mA 

Electrical Characteristics (Notes 2,5) 

Parameter 

Conditions 

LM199AH-20, LM299AH-20 

LM399AH-50 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Reverse Breakdown Voltage 

0.5 mA^lR^IO mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 
Change With Current 

0.5 mA^lR^IO mA 


6 

. 9 


6 

12 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 
Temperature Coefficient 

-55“C^Ta^85»| 
85“C^Ta^125“CJ 
- 25°C ^ Ta ^ 85“C LM299 a 
O'-C^Ta^TO'^C LM399A 


0.00002 

0.0005 

0.00002 

0.00005 

0.0010 

0.00005 


0.00003 

0.0001 

%/‘’C 

%/°c 

%rc 

%rc 

RMS Noise 

lOHz^f^lOkHz 


7 

20 


7 

50 

p.v 

Long Term Stability 

Stabilized, 22 “C^Ta^28‘’C, 

1000 Hours, Ir = 1 mA±0.1% 


8 

20 


9 

50 

ppm 

Temperature Stabilizer 

Supply Current 

Ta = 25“C, Still Air, Vs = 30V 

Ta = 55"C 


8.5 

22 

14 

28 


8.5 

15 

mA 

Temperature Stabilizer 

Supply Voltage 


9 


40 

9 


40 

V 

Warm-Up Time to 0.05% 

Vs=30V,Ta = 25‘’C 


3 



3 


s 

Initial Turn-on Current 

9^ Vs ^40, Ta = 25°C, (Note 3) 


140 

200 


140 

200 

mA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either terminal of the 
reference is 40V more positive or 0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -SS'C^Ta^ + 1 25“C for the LM199: -25 *C^Ta^ +85®C for the LM299 and 
O'C^Ta^ +70*C for the LM399 and LM3999. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic graphs to 
determine values. 

Note 4; Do not wash the LM199 with its polysulfone thermal shield in TCE. 

Note 5: A military RETS electrical test specification is available for the LM199H/883, LM199AH/883, and LM199AH-20/883 on request. 
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Ordering Information 


Initial 

Tolerance 

0"Cto +70‘’C 

-25‘’Cto+85X 

-55“Cto +125‘’C 

NS 

Package 

2% 


LM299AH 

LM199AH, LM199AH/883 

H04D 

5% 

LM399H 

LM399AH 

LM299H 

LM199H, LM199H/883 

H04D 

5% 

LM3999Z 



Z03A 

Guaranteed Long 
Term Stability 

LM399AH-50 

LM299AH-20 

LM199AH-20, LM199AH-20/883 

H04D 


Certified Long Term Drift 

The National Semiconductor LM199AH-20, LM299AH-20, 
and LM399AH-50 are ultra-stable Zener references special- 
ly selected from the production runs of LM199AH, 
LM299AH, LM399AH and tested to confirm a long-term sta- 
bility of 20, 20, or 50 ppm per 1000 hours, respectively. The 
devices are measured every 168 hours and the voltage of 
each device is logged and compared in such a way as to 
show the deviation from its initial value. Each measurement 
is taken with a probabie-worst-case deviation of ±2 ppm, 
compared to the Reference Voltage, which Is derived from 
several groups of NBS-traceable references such as 
LM199AH-20’s, 1N827’s, and saturated standard cells, so 


that the deviation of any one group will not cause false indi- 
cations. Indeed, this comparison process has recently been 
automated using a specially prepared computer program 
which is custom-designed to reject noisy data (and require a 
repeat reading) and to record the average of the best 5 of 7 
readings, just as a sagacious standards engineer will reject 
unbelievable readings. 

The typical characteristic for the LM199AH-20 is shown be- 
low. This computerized print-out form of each reference’s 
stability is shipped with the unit. 


Typical Characteristics 


National Semiconductor 
Certified Long Term Drift 

LM199AH-20 
Part #6849 

Limits 

LM199AH-20 140 fxV 
LM299AH-20 140 fxV 
LM399AH-20 350 /iV 


Testing Conditions 

Heater Voltage 30V 

Zener Current 1 mA 

Ambient Temp. 25‘*C 


Mrs 

Drift 

168 

-20 

336 

-24 

504 

-36 

672 

-34 

840 

-40 

1008 

-36 



HOURS 


TL/H/5717-12 
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Typical Performance Characteristics 


Reverse Characteristics 



6.25 6.45 6.65 6.85 7.05 

REVERSE VOLTAGE (V) 


Reverse Voltage Change 


Dynamic Impedance 



2 4 6 8 10 

REVERSE CURRENT (tnA) 



10 100 Ik 10k lOOfc 

FREQUENCY (Hz) 


Zener Noise Voltage 


Stabilization Time 


Heater Current 











I i 

^STABILIZED (T, = 

90 C) _ 

T, = 

25 C 






100 Ik 10k 100k 

FREQUENCY (Hz) 


Initial Heater Current 



-55 -35 -15 5 25 45 65 85 105 125 
TURN ON TEMPERATURE ( C) 


~l 

Ta = 

25 C 


z 


/ 

/Ta -5 



5 C 


/ 

7 

/ 

/ 




I i 





/ 

1 



Vh 

1 

= 15V 


4 8 12 16 

HEATER ON TIME -(SEC) 




Heater Current (To Limit This 
Surge, See Next Graph) 


-55 -35 -15 5 25 45 65 85 105 

TEMPERATURE (“0 

Heater Surge Limit Resistor vs 
Minimum Supply Voltage at 
Various Minimum Temperatures 


25’C(46mA)v.. I 
5“C(60mA)r>^^ 
-lE’ClTl mA)>C^ 
-35’C(87 inA)^^ 
-55“C(105niA)>.>^ 


MINIMUM SUPPLY VOLTAGE (V) 

TL/H/57 

*IHeater must be bypassed with a 2 
juF or larger tantalum capacitor if re- 
sistors are used. 


Low Frequency Noise Voltage 



0.01 Hz < f < 1 Hz 

STABILIZED 

(Ti-9(rC) 


2 4 6 8 

TIME (MINUTES) 


Response Time 


STABILIZED ^ _l 

(T, i 90 0/ I \ 

I r7T, = 25C- 



400 

TL/H/5717-7 
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1 99/LM299/LM399/LM3999 



LM199/LM299/LM399/LM3999 



'8 
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LM199/LM299/LM399/LM3999 
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Schematic Diagrams 


Temperature Stabilizer 



TL/H/5717-01 


TL/H/5717-13 
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LM 1 99/LM299/Li\/]399/LM3999 



LM368-2.5 


National Semiconductor 


LM368-2.5 Precision Voitage Reference 


General Description 

The LM368-2.5 is a precision, monolithic, temperature-com- 
pensated voltage reference. The LM368-2.5 makes use of 
thin-film technology enhanced by the discrete laser trim- 
ming of resistors to achieve excellent Temperature coeffi- 
cient (Tempco) of Vqut (as low as 11 ppm/®C), along with 
tight initial tolerance, (as low as 0.02%). The trim scheme Is 
such that individual resistors are cut open rather than being 
trimmed (partially cut), to avoid resistor drift caused by elec- 
tromigration in the trimmed area. The LM368-2.5 also pro- 
vides excellent stability vs. changes in input voltage and 
output current. The output is short circuit proof. A trim pin is 
made available for fine trimming of Vqut or for obtaining 
intermediate values without greatly affecting the Tempco of 
the device. 


Features 

■ 400 juA operating current 

■ Low output impedance 

■ Excellent line regulation (.0001 %/V typical) 

■ Single-supply operation 

■ Externally trimmable 

■ Low temperature coefficient 

■ Excellent Initial accuracy (0.02% typical) 

■ Best reference available for low-voltage operation 
(Vs = 5V, Vref = 2.500V) 


Connection Diagram 


Metal Can Package (TO-5) 



Top View 

*case connected to V~ 

Order Number LM368H-2.5 LM368YH-2.5 
See NS Package Number H08C 


Typicai Applications 


Low Voitage Reference 

4.5V-30V 
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Absolute Maximum Ratings (Note?) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications, 
input Voltage 35V 

Power Dissipation 600 mW 

Storage Temperature Range - 60“C to + 1 50°C 

Operating Temperature Range 0“C to + 70°C 


Soldering Information 

TO-5 (H) Package (1 0 sec.) + 300°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability’’ (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM368-2.5 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

(Max. unless 
noted) 

Vqut Error: LM368 


±0.02 

±0.2 


% 

Line Regulation 

5.0V ^ V|N ^ 30V 

±0.0001 

±0.0005 


%/V 

Load Regulation (Note 8) 

0 mA ^ ISOURCE ^ 10 mA 

±0.0003 

±0.0025 


%/mA 

Thermal Regulation 

T = 20mS (Note 4) 

±0.005 

±0.02 


%/100 mW 

Quiescent Current 


350 

550 


/xA 

Change of Quiescent Current vs. V|n 

5.0V ^ V|N ^ 30V 

3 

5 


ixA/y 

Temperature Coefficient 
of Vqut (see graph); LM368Y-2.5 
(Note 5) LM368-2.5 

0°C ^ Ta ^ 70“C 

0“C ^ Ta ^ 70°C 

±11 

±15 

±20 

±30 

ppm/“C 

ppm/°C 

Short Circuit Current 

Vqut = 0 

30 

70 

100 

mA 

Noise: 0.1-10 Hz 

100 Hz-10 kHz 


12 

420 



uVp-p 

nV/VRz 

Vqut Adjust Range 

0 ^ VpiN5 ^ Vqut 

1. 9-5.2 


o 

iri 

1 

CM 

CM 

V min. 


Note 1: Unless otherwise noted, these specifications apply: Ta = 25‘’C, 4.9V ^ V|n ^ 10.5V, 0 ^ Iload ^ 0-5 fnA, 0^ Cl ^ 200 pF. 

Note 2: Tested Limits are guaranteed and 100% tested in production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Thermal Regulation is defined as the change in the output Voltage at a time T after a step change in power dissipation of 100 mW. 

Note 5: Temperature Coefficient of Vout 'S defined as the worst case delta-VouT measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (See graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 6: In metal can (H), 0j.c is 75'*C/W and 0 j.a is ISO^C/W. 

Note 7: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its Rated Operating Conditions (see Note 1 and Conditions). 

Note 8: Load regulation is measured on the output pin at a point Va" below the base of the package. Regulation is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered under the specification for thermal regulation. 
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LM368-2.5 


Typical Performance Characteristics (Notei) 


Quiescent Current vs. Input 
Voltage and Temperature 



I 


Dropout Voltage vs. 



0 2 4 6 8 10 

OUTPUT CURRENT (mA) 


Output Change vs. 
Output Current 



0 2 4 6 8 10 
OUTPUT CURRENT (mA) 


Output Impedance vs. 



10 100 Ik 10k 100k 

FREQUBICY (Hz) 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


(1) LM368 as is. 

(2) with 0.01 jj,f Mylar, Trim to Gnd. 

(3) with 10ft in series with 10 fii, 
VouT 1o Gnd. 

(4) with Both. 


Temperature Coefficient: 



-55 -40 0 25 70 85 125 


TEMPERATURE (°C) 


Output Noise vs. 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


TL/H/8446-3 

Typicai Temperature Coefficient Calculations: 

LM368-2.5 (see Curve A) 

T.C. = 1.7 mV/(70*X2.5V) 

= 9.7 ppm/^’C 
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Typical Applications 


’3P 

3 



TL/H/8446-5 " TL/H/8446-6 


Improved Noise Performance 



TL/H/8446-7 


±2.5V, ± 1.25V References 


+ 5V 



TL/H/8446-8 


R= Thin Film Resistor Network, 

±0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 OK-1 00-05) 
or similar. 





LM368-2.5 


Typical Applications (Continued) 


Multiple Output Voltages 


v+ 



’ 2.soav 


TL/H/8446-10 


R = Thin Film Resistor Network 

0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 OK-1 00-05) 
or similar. 


V+ 



TL/H/8446-9 


Reference with Booster 

V+^5.0V 



100 mA Boosted Reference 


V+^5.5V 
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LM368-2.5 



LM368 



Na tional 


Semiconductor 


LM368-5.0 and LM368-10 Precision Voitage References 


General Description 

The LM368 is a precision, monolithic, temperature-compen- 
sated voltage reference. The LM368 makes use of thin-film 
technology enhanced by the discrete laser trimming of re- 
sistors to achieve excellent Temperature coefficient 
(Tempco) of Vqut (as low as 5ppm/®C), along with tight 
initial tolerance, (as low as 0.02%). The trim scheme is such 
that individual resistors are cut open rather than being 
trimmed (partially cut), to avoid resistor drift caused by elec- 
tromigration in the trimmed area. The LM368 also provides 
excellent stability vs. changes in input voltage and output 
current (both sourcing and sinking). This device is available 
In output voltage options of 5.0V and 1 0.OV and will operate 
in both series or shunt mode. Also see the LM368-2.5 data 
sheet for a 2.5V output. The devices are short circuit proof 
when sourcing current. A trim pin is made available for fine 
trimming of Vqut or for obtaining Intermediate values with- 
out greatly affecting the Tempco of the device. 


Features 

■ 300 jllA operating current 

■ Low output impedance 

■ Excellent line regulation (.0001 %/V typical) 

■ Single-supply operation 
a Externally trimmable 

■ Low temperature coefficient 

■ Operates in series or shunt mode 

■ 10.0V or 5.0V 

■ Excellent initial accuracy (0.02% typical) 


Connection Diagram 


•case connected to V~ 


Metal Can Package 
NC 



TL/H/5522-1 


Typicai Appiications 

Series Regulator 


Top View 

Order Number LM368YH-10, 
LM368YH-5.0, LM368H-10, LM368H-5.0 
See NS Package Number H08C 


Shunt Regulator 


13V-30V 



I LM368-10.0 F- 10 000V 


UVI368-5.0 


5.000V 
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Absolute Maximum Ratings (Notes) 

Input Voltage (Series Mode) 35V 

Reverse Current (Shunt Mode) 50 mA 

Power Dissipation 600 mW 

Storage Temperature Range - 60“C to + 1 50‘’C 

Operating Temperature Range 
LM368 O^Cto+yO^C 


Electrical Characteristics (Note i) 




LM368 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max. unless 


j 


(Note 2) 

(Note 3) 

noted) 

Vqut Error 


±0.02 

±0.1 


% 

Line Regulation 

(Vqut +3V) ^ V|N ^ 30V 

±0.0001 

±0.0005 


%/V 

Load Regulation 

0 mA ^ IsoURCE ^ ’10 niA 

±0.0003 

±0.001 


%/mA 

(Note 4) 

— 1 0 mA ^ IsiNK ^ 

±0.003 

±0.008 


%/mA 

Thermal Regulation 

T = 20mS (Note 5) 

±0.005 

±0.01 


%/100 mW 

Quiescent Current 


250 

350 


jaA 

Change of Quiescent Current vs. V|n 

(Vqut +3V) ^ V|N ^ 30V 

3 

5 


jllA/V 

Temperature Coefficient 
of Vqut (see graph): LM368Y 

0“C ^ Ta ^ 70“C 

±11 

±20 


ppm/“C 

(Note 6) LM368 

0"C ^ Ta ^ 70“C 

±15 


±30 

ppm/°C 

Short Circuit Current 

Vqut = 0 

30 

70 

100 

mA 

Noise: 10.0V: 0.1 - 10Hz 


30 



uVp-p 

100Hz -10 kHz 


1100 



nV/Vi^ 

6.2 V: 0.1 -10Hz 


20 



uVp-p 

100Hz -10 kHz 


700 



nV/Jffi 

5.0V: 0.1 -10Hz 


16 



uVp-p 

100Hz -10 kHz 


575 



nV/,/Hz 

Vqut Adjust Range: 1 0.OOOV 

OV ^ VpiN5 ^ Vqut 

4.5-17.0 


6.0-15.5 

V min. 

5.000V 


4.4-7.0 


4.5-6.0 

V min. 


Note 1: Unless otherwise noted, these specifications apply: Ta = 25*C, V|n = 15V, Iload = 0, 0 ^ Cl ^ 200 pF, Circuit is operating in Series Mode. Or, circuit is 
operating in Shunt Mode, V|n = + 15V or V|n = Vqut. TA = +25‘’C, Iload = -1.0 mA, 0 ^ Cl ^ 200 pF. 

Note 2: Tested Limits are guaranteed and 100% tested in production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: The LM368 has a Class B output, and will exhibit transients at the crossover point. This point occurs when the device is asked to sink approximately 
120 jxA. In some applications it may be advantageous to preload the output to either V|n or Ground, to avoid this crossover point. 

Note 5: Thermal Regulation is defined as the change in the output Voltage at a time T after a step change in power dissipation of 100 mW. 

Note 6: Temperature Coefficient of Vqut ‘S defined as the worst case delta-VouT measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (See graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 7: In metal can (H), 0j.c is 75*C/W and 8 j.a is 150»C/W. 

Note 8: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its Rated Operating Conditions (see Note 1 and Conditions). 


Soldering Information 

TO-5 (H) Package, 10 sec. +300'’C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 



4-89 


LM368 




LM368 



4-90 



Typical Applications 


Wide Range Trimmabie Regulator 

v-*- 

I2 

-VoUT 


^ ♦ Vqu 
LM368 L 

5 < R1 


Narrow Range Trimmabie Regulator (± 1% min.) 


v+ 


- VoUT 


20k 


TL/H/5522-8 


Adjustable Zener 

v+ 



TL/H/5522-9 


± Reference 


v+ 



+ V0UT 


-VoUT 


TL/H/5522-11 


Improved Noise Performance 
v+ 



TL/H/5522-10 



R = Thin Film Resistor Network, 

±0.05% Matching and 5ppm Tracking 
(Beckman 694-3-R-10K-A). 

(Caddock T-91 4-1 OK-1 00-05) 
or similar. 
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Typical Applications (Continued) 


Multiple Output Voltages 


v+ 



TL/H/5522-13 


V+ 



TL/H/5522-14 


V+ 



Thin Film Resistor Network 
0.05% Matching and 5ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 OK-1 00-05) 
or similar. 


Reference with Booster 100 mA Boosted Reference 

v+ v+ 




TL/H/5522-17 







Typical Applications (Continued) 


Buffered High-Current Reference with Fiiter 


v+ 



Simplified Schematic Diagram 



TL/H/5522-18 


TL/H/5522-6 


■Reg. U.S. Pat. Off. 
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National Semiconductor 


LM4040 

Precision Micropower Shunt Voitage Reference 


General Description 

Ideal for space critical applications, the LM4040 precision 
voltage reference Is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4040’s 
advanced design eliminates the need for an external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4040 easy to use. Further reducing 
design effort Is the availability of several fixed reverse 
breakdown voltages: 2.500V, 4.096V, 5.000V, 8.192V, and 
10.000V. The minimum operating current increases from 
60 jaA for the LM4040-2.5 to 100 /xA for the LM4040-10.0. 
All versions have a maximum operating current of 15 mA. 
The LM4040 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than ±0.1% (A grade) at 25®C. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 

Also available is the LM4041 with two reverse breakdown 
voltage versions: adjustable and 1.2V. Please see the 
LM4041 datasheet. 

Features 

■ Small packages: SOT-23, TO-92, and SO-8 

■ No output capacitor required 


■ Tolerates capacitive loads 

■ Fixed reverse breakdown voltages of 2.500V, 4.096V, 
6.000V, 8.192V, and 10.000V 

■ Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 

Key Specifications (lm404o-2.5) 

■ Output voltage tolerance (A grade, 25'’C) ±0.1% (max) 

■ Low output noise (10 Hz to 10 kHz) 35 jaV^ms (tyP) 

■ Wide operating current range 60 jitA to 15 mA 

■ Industrial temperature range — 40“C to +85°C 

■ Low temperature coefficient 1 00 ppm/^C (max) 

■ Contact National Semiconductor Analog Marketing for 
parts with lower temperature coefficient 

Appiications 

■ Portable, Battery-Powered Equipment 

■ Data Acquisition Systems 

■ Instrumentation 

■ Process Control 

■ Energy Management 

■ Product Testing 

■ Automotive 

■ Precision Audio Components 


Connection Diagrams 


SOT-23 



TL/H/1 1323-1 

*This pin must be left floating or connected to pin 3. 

Top View 

See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


SO-8 



TL/H/1 1323-2 


Top View 

See NS Package Number M08A 


TO-92 


NC + - 

3 2 1 



TL/H/1 1323-3 

Bottom View 

See NS Package Number Z03A 
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Ordering Information 


Reverse Breakdown 

Voltage Tolerance at 25°C 

Package 

and Average Reverse Breakdown 
Voltage Temperature Coefficient 

M3 (SOT-23) 

Z(TO-92) 

M (SO-8) 

±0.1 %, 100 ppm/“C max (A grade) 

LM4040AIM3-2.5, 

LM4040AIM3-4.1, 

LM4040AIM3-5.0, 

LM4040AIM3-8.2, 

LM4040AIM3-10.0 

LM4040AIZ-2.5, 

LM4040AIZ-4.1, 

LM4040AIZ-5.0, 

LM4040AIZ-8.2, 

LM4040AIZ-10.0 

LM4040AIM-2.5, 

LM4040AIM-4.1, 

LM4040AIM-5.0, 

LM4040AIM-8.2, 

LM4040AIM-10.0 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±0.2%, 100 ppm/°C max (B grade) 

LM4040BIM3-2.5, 

LM4040BIM3-4.1, 

LM4040BIM3-5.0, 

LM4040BIM3-8.2, 

LM4040BIM3-10.0 

LM4040BIZ-2.5, 

LM4040BIZ-4.1, 

LM4040BIZ-5.0, 

LM4040BIZ-8.2, 

LM4040BIZ-10.0 

LM4040BIM-2.5, 

LM4040BIM-4.1, 

LM4040BIM-5.0, 

LM4040BIM-8.2, 

LM4040BIM-10.0 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±0.5%, 100 ppm/°C max (C grade) 

LM4040CIM3-2.5, 

LM4040CIM3-4.1, 

LM4040CIM3-5.0, 

LM4040C1M3-8.2, 

LM4040CIM3-10.0 

LM4040CIZ-2.5, 

LM4040CIZ-4.1, 

LM4040CIZ-5.0, 

LM4040CIZ-8.2, 

LM4040CIZ-10.0 

LM4040CIM-2.5, 

LM4040CIM-4.1, 

LM4040CIM-5.0, 

LM4040CIM-8.2, 

LM4040CIM-10.0 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

± 1 .0%, 1 50 ppm/“C max (D grade) 

LM4040DIM3-2.5, 

LM4040DIM3-4.1, 

LM4040DIM3-5.0, 

LM4040DIM3-8.2, 

LM4040DIM3-10.0 

LM4040DIZ-2.5, 

LM4040DIZ-4.1, 

LM4040DIZ-5.0, 

LM4040DIZ-8.2, 

LM4040DIZ-10.0, 

LM4040DIM-2.5, 

LM4040DIM-4.1, 

LM4040DIM-5.0, 

LM4040DIM-8.2, 

LM4040DIM-10.0 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±2.0%, 150 ppm/°C max (E grade) 

LM4040EIM3-2.5 

LM4040EIZ-2.5 



See NS Package 
Number M03B 

See NS Package 
Number Z03A 
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LM4040 


SOT-23 Package Marking information 

Only three fields of marking are possible on the SOT-23’s small surface. This table gives the meaning of the three fields. 


Part Marking 

Field Definition 

R2A , 

First Field: 

R4A 

R = Reference 

R5A 

Second Field: 

R8A 

2 = 2.500V Voltage Option 

ROA 

4 = 4.096V Voltage Option 

R2B 

5 = 5.000V Voltage Option 

R4B 

8 = 8.1 92V Voltage Option 

R5B 

0 = 1 0.OOOV Voltage Option 

R8B 

Third Field: 

ROB 

A-E = Initial Reverse Breakdown Voltage or Reference Voltage Tolerance 


A= ±0.1%, B= ±0.2%, C= +0.5%, D= ±1.0%,E= ±2.0% 

R2C 


R4C 


R5C 


R8C 


ROC 


R2D 


R4D 


R5D 


R8D 


ROD 


R2E 
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Absolute Maximum Ratings (Notei) 





If Military/ Aerospace specified devices are required, ESD Susceptibility 



please 

contact the National Semiconductor Sales 

Human Body Model (Note 3) 

■ 2kV 

Office/Distributors for availability and specifications. 

Machine Model (Note 3) 


200V 

Reverse Current 

20 mA See AN-450 “Surface Mounting Methods and Their Effect 

Forward Current 

10 mA Product Reliability” for other methods of soldering sur- 

Power Dissipation (Ta = 25“C) (Note 2) 

face mount devices. 



M Package 

M3 Package 

306 mw Operating Ratings (Notes i & 2) 


Z Package 

550 mW Temperature Range 



Storage Temperature 

-65"Cto +150°C 

(Tmin ^ Ta ^ T^ax) 

-40'’C ^ Ta ^ +85“C 

Lead Temperature 

Reverse Current 



M and M3 Packages 


LM4040-2.5 

60 )aA to 1 5 mA 

Vapor phase (60 seconds) 

+ 215”C 

LM4040-4.1 

68 juAto 15 mA 

Infrared (15 seconds) 

+ 220'’C 

LM4040-5.0 

74 juA to 1 5 mA 

Z Package 


LM4040-8.2 

91 juA to 15 mA 

Soldering (10 seconds) 

+ 260'’C 

LM4040-10.0 

100 juA to 15 mA 

LM4040-2.5 






Electrical Characteristics 





Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits Ta = T, 

= 25“C. The grades A and B designate initial 

Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 








LM4040AIM 

LM4040BIM 





Typical 

LM4040AiM3 

LM4040BIM3 

Units 

Symbol 

Parameter 

Conditions 

LM4040AIZ 

LM4040BIZ 



(Note 4) 

Limits 

Limits 

(Limit) 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = IOOjulA 

2.500 





Reverse Breakdown Voltage 

Ir = 100 /xA 


±2.5 

±5.0 



Tolerance (Note 6) 



±19 

±21 



Minimum Operating Current 


45 

60 

60 

jaA 

jliA (max) 





65 

65 

fxA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 




ppm/"C 


Voltage Temperature 

Ir = 1 mA 


±100 

±100 

ppm/"C (max) 


Coefficient 

Ir = lOOjitA 




ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 




mV 


Change with Operating 



0.8 

0.8 

mV (max) 


Current Change 



1.0 

1.0 

mV (max) 



1 mA ^ Ir ^ 1 5 mA 

2.5 



mV 





6.0 

6.0 

mV (max) 





8.0 

8.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 




■OH 



IaC = 0.1 Ir 


0.8 

0.8 


©N 

Wideband Noise 

Ir = 100 jxA 

10Hz ^f^ 10kHz 





AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 






Long Term Stability 

T = 25"C ±o.rc 

Ir = lOOjLtA 




ppm 
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LM4040 


LM4040-2.5 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Twin to Tmax; other limits Ta = Tj = 25“C. The grades C, D and E designate initial 
Reverse Breakdown Voltage tolerances of ±0.5%, ±1.0% and ±2.0%, respectively. 






LM4040CIM 

LM4040DIM 

LM4040EIM3 






LM4040CiM3 

LM4040DIM3 

LM4040EIZ 


Symbol 

Parameter 

Conditions 












Vr 

Reverse Breakdown Voltage 

lR = 100jaA 

2.500 




V 


Reverse Breakdown Voltage 

Ir = 100juiA 





mV (max) 


Tolerance (Note 6) 




■SB 


mV (max) 


Minimum Operating Current 




n 


fxA 

fiA (max) 








juiA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±20 




ppm/^C 


Voltage Temperature 

Ir = 1 mA 

±15 

±100 

±150 

±150 

ppm/“C (max) 


Coefficient 

Ir = 100 jaA 

±15 




ppm/^C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 

0.4 




mV 


Change with Operating 



0.8 

TO 

1.0 

mV (max) 


Current Change 



1.0 

1.2 

1.2 

mV (max) 



1 mA ^ Ir ^ 1 5 mA 

2.5 




mV 





6.0 

8.0 

8.0 

mV (max) 





8.0 

10.0 

10.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz 

0.3 




n 



Iac = 0.1 Ir 


0.9 

1.1 

1.1 

n(max) 

On 

Wideband Noise 

Ir = 100 jaA 

10Hz ^f^ 10kHz 

35 





AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 







Long Term Stability 

T = 25“C ±o.rc 

Ir = 100 jaA 

120 




ppm 
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LM4040-4.1 


Electrical Characteristics 

Boldface limits apply for Ta = Tj = Twin Tmax! ciU other limits Ta = Tj = 25'’C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 






LM4040AIM 

LM4040BIM 





Typical 
(Note 4) 

LM4040AIM3 

LM4040BIM3 

Units 

(Limit) 

Symbol 

Parameter 


LM4040AIZ 

Limits 

LM4040BIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = IOOjulA 

4.096 



V 


Reverse Breakdown Voltage 

Ir = 100 )xA 


±4.1 

±8.2 

mV (max) 


Tolerance (Note 6) 



±31 

±35 

mV (max) 

Irmin 

Minimum Operating Current 


50 

68 

68 

fxA 

jllA (max) 





73 

73 

)ulA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±30 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±100 

ppm/^C (max) 



Ir = lOOfjiA 

±20 



ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage Change 

Irmin ^ Ir ^ i mA 

0.5 



mV 


with Operating Current Change 



0.9 

0.9 

mV (max) 





1.2 

1.2 

mV (max) 



1 mA ^ Ir ^ 15 mA 

3.0 



mV 





7.0 

7.0 

mV (max) 





10.0 

10.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA, f = 120 Hz, 

0.5 



ft 



Iac = 0.1 Ir 


1.0 

1.0 

ft (max) 

©N 

Wideband Noise 

Ir = lOOjLiA 

10 Hz ^ f ^ 10 kHz 

80 



/^Vrms 

AVr 

Reverse Breakdown Voltage Long 

t = 1000 hrs 






Term Stability 

T = 25^C ±o.rc 

Ir = 100 juA 

120 



ppm 
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LM4040-4.1 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Tmin fo Tmax; other limits Ta ^ Tj = 
Reverse Breakdown Voltage tolerances of ±0.5% and ±1.0%, respectively. 


Typical 
(Note 4) 


25°C. The grades C and D designate initial 

LM4040CIM LM4040DIM 
LM4040CIM3 LM4040DIM3 


LM4040CIZ 
Limits 
(Note 5) 


LM4040DIZ 
Limits 
(Note 5) 


±41 mV (max) 

±81 mV (max) 














LM4040-5.0 

Electrical Characteristics 

Boldface limits apply for Ta = Tj = Tmin to Tmax! all other limits Ta = Tj = 25“C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 






LM4040AIM 

LM4040BiM 





Typical 
(Note 4) 

LM4040AIM3 

LM4040BIM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4040AIZ 

Limits 

LM4040BIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = lOOjuiA 

5.000 



V 


Reverse Breakdown Voltage 

Ir = 100 juiA 


±5.0 

±10 

mV (max) 


Tolerance (Note 6) 



±38 

±43 

mV (max) 

Irmin 

Minimum Operating Current 


54 

74 


jllA 

jliA (max) 





80 


jaA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±30 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±100 

ppm/°C (max) 



Ir = 100 jaA 

±20 



ppm/°C 

AVr/AIr 

Reverse Breakdown Voltage Change 

•rmin ^ Ir ^ 1 mA 

0.5 



mV 


with Operating Current Change 



1.0 


mV (max) 





1.4 


mV (max) 



1 mA ^ Ir ^ 1 5 mA 

3.5 








8.0 

8.0 

mV (max) 





12.0 

12.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1mA,f = 120 Hz. 

0.5 






Iac = 0.1 Ir 


1.1 

1.1 


©N 

Wideband Noise 

Ir = IOOjllA 

10Hz ^f^ 10kHz 

80 



^^Vrms 

AVr 

Reverse Breakdown Voltage Long 

t = 1000 hrs 






Term Stability 

T = 25 “C ±o.rc 

Ir = IOOjulA 

40 



ppm 
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LM4040 


LM4040-5.0 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Tmin to all other limits Ta = Tj = 25*C. The grades C and D designate initial 
Reverse Breakdown Voitage tolerances of ±0.5% and ±1.0%, respectively. 






LM4040CIM 

LM4040DIM 





Typical 
(Note 4) 

LM4040CIM3 

LIVI4040DIM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4040CIZ 

Limits 

LM4040DIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

lR = 100jutA 

5.000 



V 


Reverse Breakdown Voltage 

Ir = 100 jmA 


±25 

±50 

mV (max) 


Tolerance (Note 6) 



±58 

±99 

mV (max) 

Irmin 

Minimum Operating Current 


54 

74 

79 

julA 

jliA (max) 





80 

85 

fiA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±30 



ppm/®C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±150 

ppmrc (max) 



lR = 100jaA 

±20 



ppm/®C 

AVr/AIr 

Reverse Breakdown Voltage Change 

Irmin ^ Ir ^ 1 mA 




mV 


with Operating Current Change 





mV (max) 







mV (max) 



1 mA ^ Ir ^ 15 mA 

3.5 



mV 





8.0 

10.0 

mV (max) 





12.0 

15.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA, f = 120 Hz, 

0.5 



n 



Iac = 0-1 Ir 


1.1 

1.5 

n (max) 

On 

Wideband Noise 

Ir = 100 juiA 
lOHz^f^ 10 kHz 

80 



^Vrms 

AVr 

Reverse Breakdown Voltage Long 

t = 1000 hrs 






Term Stability 

T = 25“C ±o.rc 

120 



ppm 



Ir = IOOjllA 
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LM4040-8.2 


Electrical Characteristics 

Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 






LM4040AIM 

LM4040BIM 





Typical 
(Note 4) 

LM4040AIM3 

LM4040BiM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4040AIZ 

Limits 

LM4040BIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = 150 juA 

8.192 



V 


Reverse Breakdown Voltage 

Ir = 150 juA 


±8.2 

±16 

mV (max) 


Tolerance (Note 6) 



±61 

±70 

mV (max) 

•rmin 

Minimum Operating Current 


67 

91 

91 

jliA 

fxA (max) 





95 

95 

julA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±40 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±100 

ppm/“C(max) 



Ir = 150jutA 

±20 



ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage Change 

Irmin ^ Ir ^ 1 mA 

0.6 



mV 


with Operating Current Change 



1.3 

1.3 

mV (max) 





2.5 

2.5 

mV (max) 



1 mA ^ Ir ^ 15 mA 

7.0 



mV 





10.0 

10.0 

mV (max) 





18.0 

18.0 

mV (max) 

' 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 

0.6 



ft 



Iac = 0-1 Ir 


1.5 

1.5 

ft (max) 


Wideband Noise 






AVr 

Reverse Breakdown Voltage Long 

t = 1000 hrs 






Term Stability 

T = 25‘’C ±o.rc 

Ir = 150 juiA 

120 



ppm 
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LM4040-8.2 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits appiy for Ta = Tj = Twin to T^ax: all oth©*' Il'Tilts Ta = Tj = 
Reverse Breakdown Voltage tolerances of ±0.5% and ±1.0%, respectively. 


Typicai 
(Note 4) 


Symbol 

Parameter 

Conditions 

Vr 

Reverse Breakdown Voltage 

lR = 150jiiA 


Reverse Breakdown Voltage 
Tolerance (Note 6) 

Ir = 150 jitA 

Irmin 

Minimum Operating Current 


AVr/AT 

Average Reverse Breakdown Voltage 
Temperature Coefficient 

Ir = 10 mA 

Ir = 1 mA 

Ir = 1 50 fiA 

AVr/AIr 

Reverse Breakdown Voltage Change 
with Operating Current Change 

Irmin ^ Ir ^ 1 mA 



1 mA ^ Ir ^ 15 mA 


25"C. The grades C and D designate Initial 


LM4040CIM LM4040DIM 
LM4040CIM3 LM4040DIM3 
LM4040CIZ LM4040DIZ 
Limits Limits 


(Note 5) (Note 5) 




mV (max) 
mV (max) 


fiA 

julA (max) 
fiA (max) 



mV 

mV (max) 
mV (max) 


n 

ft (max) 
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LM4040>10.0 

Electrical Characteristics 

Boldface limits apply for Ta = Tj = Twin to Tmax; other limits Ta = Tj = 25“C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 






LM4040AIM 

LM4040BIM 





Typical 
(Note 4) 

LM4040AIM3 

LM4040BiM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4040AiZ 

Limits 

LM4040BIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = 150 /iA 

10.00 



V 


Reverse Breakdown Voltage 

Ir = 150iLtA 


±10 

±20 

mV (max) 


Tolerance (Note 6) 



±75 

±85 

mV (max) 

•rmin 

Minimum Operating Current 


75 

100 

100 

jiiA 

/xA (max) 





103 

103 

jliA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±40 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±100 

ppm/“C (max) 



Ir = 150 juA 

±20 



ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage Change 

Irmin ^ Ir ^ 1 mA 

0.8 



mV 


with Operating Current Change 



1.5 

1.6 

mV (max) 





3.5 

3.5 

mV (max) 



1 mA ^ Ir ^ 15 mA 

8.0 



mV 





12.0 

12.0 

mV (max) 





23.0 

23.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 

0.7 



n 



Iac = 0-1 Jr 


1.7 

1.7 

n (max) 

On 

Wideband Noise 

Ir = ISOjbiA 

10Hz ^f^ 10kHz 

180 





Reverse Breakdown Voltage Long 

t = 1000 hrs 






Term Stability 

T = 25°c ±o.rc 

Ir = 150jllA 

120 



ppm 



4-105 


LM4040 




LM4040 


LM4040-10.0 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Tmin to Tmax; aH other limits Ta = Tj = 25°C. The grades C and D designate initial 
Reverse Breakdown Voltage tolerances of ±0.5% and +1.0%, respectively. 






LM4040CIM 

LM4040DIM 





Typical 
(Note 4) 

LM4040CIM3 

LM4040DiM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4040CIZ 

Limits 

LM4040DIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = 150]liA 

10.00 



V 


Reverse Breakdown Voltage 

Ir = ISOjiiA 


±50 

±100 

mV (max) 


Tolerance (Note 6) 



±115 

±198 

mV (max) 

Irmin 

Minimum Operating Current 


75 

100 

110 

ju,A 

jaA (max) 





103 

113 

fiA (max) 

AVr/AT 

Average Reverse Breakdown Voltage 

Ir = 10 mA 

±40 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

±20 

±100 

±150 

ppm/°C (max) 



Ir = ISOjutA 

±20 



ppm/^C 

AVr/AIr 

Reverse Breakdown Voltage Change 

Irmin ^ Ir ^ 1 mA 

0.8 



mV 


with Operating Current Change 



1.5 

2.0 

mV (max) 





3.5 

4.0 

mV (max) 



1 mA ^ Ir ^ 15 mA 

8.0 



mV 





12.0 

18.0 

mV (max) 





23.0 

29.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 

0.7 



ft 



Iac = 0-1 Ir 


1.7 

2.3 

n (max) 

Bn 

Wideband Noise 

Ir = 150juiA 

10Hz ^f^ 10kHz 

180 



M-Vrms 

AVr 

Reverse Breakdown Voltage Long 

t= 1000hrs 






Term Stability 

T = 25‘’C ±o.rc 

Ir = 150jutA 

120 



ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), 0 ja (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax “ Ta)/^ja or tho 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4040, Tj^ax == 125“C, and the typical thermal resistance (0ja). when board 
mounted, is IBS^C/W for the M package, 326'’C/W for the SOT-23 package, and 180“C/W with 0.4" lead length and 170*C/W with 0.125" lead length for the 
TO-92 package. 

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kft resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 

Note 4: Typicals are at Tj = 25'’C and represent most likely parametric norm. 

Note 5: Limits are 100% production tested at 25*0. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National’s AOQL. 

Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voltage Tolerance Is defined as the room temperature Reverse Breakdown Voltage 
Tolerance ± [(AVr/AT)(65'’C)(Vr)]. AVr/AT is the Vr temperature coefficient, 65“C is the temperature range from -40“C to the reference point of 25*0, and Vr 
is the reverse breakdown voitage. The total over-temperature tolerance for the different grades is shown below: 

A-grade: ±0.75% = ±0.1% ±100ppm/°C X 65"C 
B-grade: ±0.85% = ±0.2% ±100ppm/'’C X 65“C 
C-grade: ±1.15% = ±0.5% ±100ppm/‘’C X 65'’C 
D-grade: ±1.98% = ±1.0% ±150ppm/‘’C X 65“C 
E-grade: ±2.98% = ±2.0% ±150ppm/“C X 65<’C 

Therefore, as an example, the A-grade LM4040-2.5 has an over-temperature Reverse Breakdown Voltage tolerance of ±2.5V X 0.75% = ±19 mV. 
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Typical Performance Characteristics 


Temperature Drift for Different 
Average Temperature Coefficient 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (^C) 

TL/H/ 11323-4 



FREQUENCY (Hz) 

TL/H/1 1323-10 


Output Impedance vs Frequency 



100 Ik 10k 100k 1M 

. FREQUENCY (Hz) 

TL/H/1 1323-11 


Reverse Characteristics and 
Minimum Operating Current 



TL/H/1 1323-12 



1 10 100 Ik 10k 100k 


FREQUENCY (Hz) 


TL/H/11323-13 
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(A) “a 


Test 




0 100 200 


RESPONSE TIME (/is) 




Functional Block Diagram 



TL/H/1 1323-14 


Applications Information 

The LM4040 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4040 is available in the sub-miniature SOT-23 
surface-mount package. The LM4040 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the “ + ” pin and the pin. If, 
however, a bypass capacitor is used, the LM4040 remains 
stable. Reducing design effort is the availability of several 
fixed reverse breakdown voltages: 2.500V, 4.096V, 5.000V, 
8.192V, and 10.000V. The minimum operating current in- 
creases from 60 juA for the LM4040-2.5 to 100 jliA for the 
LM4040-1 0.0. All versions have a maximum operating cur- 
rent of 1 5 mA. 

LM4040S in the SOT-23 packages have a parasitic Schottky 
diode between pin 3 (-) and pin 1 (Die attach interface 
contact). Therefore, pin 1 of the SOT-23 package must be 
left floating or connected to pin 3. 

The 4.096V version allows single +5V 12-bit ADCs or 
DACs to operate with an LSB equal to 1 mV. For 12-bit 
ADCs or DACs that operate on supplies of 1 0V or greater, 
the 8.192V version gives 2 mV per LSB. 

In a conventional shunt regulator application (Figure 1), an 
external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4040. Rs determines the current that 
flows through the load (IJ and the LM4040 (Iq). Since load 
current and supply voltage may vary, Rs should be small 


enough to supply at least the minimum acceptable Iq to the 
LM4040 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and II is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4040 is less than 1 5 mA. 

Rs is determined by the supply voltage, (Vs), the load and 
operating current, (II and Iq), and the LM4040’s rovorso 
breakdown voltage, Vr. 


Typical Applications 


Vs 



TL/H/1 1323-15 

FIGURE 1. Shunt Regulator 
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Typical Applications (Continued) 




-15V 

TL/H/11323-17 

FIGURE 3. Bounded amplifier reduces saturation-induced deiays and can prevent succeeding stage damage. 
Nominai ciamping voltage is ± 11.5V (Ll\/I4040’s reverse breakdown voltage + 2 diode Vp). 
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Typical Applications (Continued) 



TL/H/1 1323-18 

FIGURE 4. Protecting Op Amp input. The bounding voltage is ±4V with the LM4040-2.5 
(LM4040’s reverse breakdown voitage + 3 diode Vp). 


+5V ±5% 




4-111 


LM4040 



LM4040 


Typical Applications (Continued) 


12V 



LM4040-2.5 12V 




TL/H/1 1323-21 

FIGURE 7. Precision 1 jmA to 1 mA Current Sources 
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National Semicondu 


c tor 


LM4041 

Precision [\/licropower Shunt Voltage Reference 


General Description 

Ideal for space critical applications, the LM4041 precision 
voltage reference is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4041’s 
advanced design eliminates the need for an external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4041 easy to use. Further reducing 
design effort is the availability of a fixed (1 .225V) and adjust- 
able reverse breakdown voltage. The minimum operating 
current is 60 jaA for the LM4041-1.2 and the LM4041-ADJ. 
Both versions have a maximum operating current of 1 2 mA. 
The LM4041 utilizes fuse and zener-zap reverse breakdown 
or reference voltage trim during wafer sort to ensure that the 
prime parts have an accuracy of better than ±0.1% 
(A grade) at 25®C. Bandgap reference temperature drift cur- 
vature correction and low dynamic impedance ensure stable 
reverse breakdown voltage accuracy over a wide range of 
operating temperatures and currents. 

Features 

D Small packages: SOT-23, TO-92, and SO-8 
B No output capacitor required 
B Tolerates capacitive loads 


B Reverse breakdown voltage options of 1 .225V and 
adjustable 

B Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 

Key Specifications (lm 404 i-i. 2 ) 

B Output voltage tolerance (A grade, 25'’C) ±0.1% (max) 
B Low output noise (10 Hz to 10 kHz) 20 jaVrms (typ) 
B Wide operating current range 60 jaA to 1 2 mA 

B Industrial temperature range -40°C to +85°C 

B Low temperature coefficient 1 00 ppm/“C (max) 

Applications 

B Portable, Battery-Powered Equipment 
B Data Acquisition Systems 
B Instrumentation 
B Process Control 
B Energy Management 
B Product Testing 
B Automotive 

B Precision Audio Components 


Connection Diagrams 


SOT-23 

2 

+c 


3 

-c 


1.2V ADJ 

TL/H/1 1392-1 TL/H/11392-40 

*This pin must be left floating or 
connected to pin 3. 

Top View 



SO-8 



TL/H/1 1392-2 

Top View 


TL/H/1 1392-31 


See NS Package Number M03B See NS Package Number M08A 

(JEDEC Registration TO-236AB) 


TO-92 


NC + 



FB + - 

3 2 1 


(m 


TL/H/1 1392-32 


Bottom View 

See NS Package Number Z03A 



4-113 


LM4041 



LM4041 


Ordering Information 


Reverse Breakdown 

Voltage Tolerance at 25°C 

Package 

and Average Reverse Breakdown 
Voltage Temperature Coefficient 

M3 (SOT-23) 

Z(TO-92) 

M (SO-8) 

±0.1 %, 100 ppm/^C max (A grade) 

LM4041AIM3-1.2 

LM4041AIZ-1.2 

LM4041AIM-1.2 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±0.2%, 100 ppm/^’C max (B grade) 

LM4041BIM3-1.2 

LM4041 BIZ-1.2 

LM4041BIM-1.2 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±0.5%, 100 ppm/^C max (C grade) 

LM4041CIM3-1.2 

LM4041CIM3-ADJ 

LM4041CIZ-1.2, 

LM4041CIZ-ADJ 

LM4041CIM-1.2, 

LM4041CIM-ADJ 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

± 1 .0%, 1 50 ppm/°C max (D grade) 

LM4041DIM3-1.2 

LM4041DIM3-ADJ 

LM4041DIZ-1.2, 

LM4041DIZ-ADJ 

LM4041DIM-1.2, 

LM4041DIM-ADJ 


See NS Package 
Number M03B 

See NS Package 
Number Z03A 

See NS Package 
Number M08A 

±2.0%, 150 ppm/°C max (E grade) 

LM4041EIM3-1.2 

LM4041EIZ-1.2 



See NS Package 
Number M03B 

See NS Package 
Number Z03A 



SOT-23 Package Marking Information 

Only three fields of marking are possible on the SOT-23’s small surface. This table gives the meaning of the three fields. 


Part Marking 

Field Definition 

R1A 

First Field: 

R1B 

R = Reference 

R1C 

Second Field: 

R1D 

1 = 1 .225VVoltage Option 

R1E 

A = Adjustable 

Third Field: 

RAC 

A-E = Initial Reverse Breakdown 

RAD 

Voltage or Reference Voltage Tolerance 

A= ±0.1%, B= ±0.2%, C= ±0.5%, D= ±1.0%, E= ±2.0% 
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Absolute Maximum Ratings (Notei) 





If Military/ Aerospace specified devices are required, ESD Susceptibility 



please 

contact the National Semiconductor Sales 

Human Body Model (Note 3) 

2kV 

Office/Distributors for availability and specifications. 

Machine Model (Note 3) 


200V 

Reverse Current 

20 mA See AN-450 “Surface Mounting Methods and Their Effect 

Forward Current 

10 mA Product Reliability” for other methods of soldering sur- 

Maximum Output Voltage 

face mount devices. 



(LM4041-ADJ) 

Power Dissipation (Ta = 25®C) (Note 2) 

^ Operating Ratings (Notes i & z) 


M Package 

540 mW Temperature Range 



M3 Package 

306 mW 

(Tmin ^ 1 A ^ Imax) 

-40“C ^ Ta ^ +85“C 

Z Package 

550 mW Reverse Current 



Storage Temperature 

-65“Cto +150“C 

LM4041-1.2 

60 /xA to 1 2 mA 

Lead Temperature 


LM4041-ADJ 

60 jaA to 12 mA 

M and M3 Packages 

Output Voltage Range 



Vapor phase (60 seconds) 

±215°C 

LM4041-ADJ 


1.24V to 10V 

Infrared (15 seconds) 

Z Package 

±220°C 





Soldering (10 seconds) 

+ 260‘’C 





LM4041-1.2 






Electrical Characteristics 





Boldface limits apply for Ta = Tj = 

Tmin to Tmax; all other limits Ta = 

Tj = 25°C. The grades A and B designate initial 

1 Reverse Breakdown Voltage tolerances of ±0.1% and ±0.2%, respectively. 








LM4041AIM 

LM4041BIM 





Typical 
(Note 4) 

LM4041AIM3 

LM4041BiM3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

LM4041AIZ 

Limits 

LM4041BIZ 

Limits 





(Note 5) 

(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = 100 jLtA 

1.225 



V 


Reverse Breakdown Voltage 

Ir = 100 jllA 


±1.2 

±2.4 

mV (max) 


Tolerance (Note 6) 



±S.2 

±10.4 

mV (max) 

Irmin 

Minimum Operating Current 



60 

60 

/xA 

jxA (max) 





65 

65 

jxA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±20 



ppm/“C 


Voltage Temperature 

Ir = 1 mA 

±15 

±100 

±100 

ppm/®C (max) 


Coefficient 

Ir = 100 /xA 

±15 



ppmAC 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 

0.7 



mV 


Change with Operating 



1.5 

1.5 

mV (max) 


Current Change 



2.0 

2.0 

mV (max) 



1 mA ^ Ir ^ 12 mA 

4.0 








6.0 

6.0 

mV (max) 





8.0 

8.0 

mV (max) 


Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 




ft 



Iac = 0.1 Ir 


1.5 

1.5 

ft (max) 

eN 

Wideband Noise 

Ir = IOOjllA 
lOHz^f ^ 10 kHz 

20 



fiVrms 

AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 






Long Term Stability 

T = 25°C ±o.rc 

Ir = 100 jaA 

120 



ppm 
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LM4041-1.2 (Continued) 


Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Tmin to Tmax> other limits Ta = Tj = 25°C. The grades C, D and 
initial Reverse Breakdown Voltage tolerances of ±0.5%, ±1.0% and ±2.0%, respectively. 


E designate 


Symbol 


Vr Reverse Breakdown Voltage Ir = 100 jaA 

Reverse Breakdown Voltage Ir = 100 |liA 
Tolerance (Note 6) 

•rmin Minimum Operating Current 


Voltage Temperature 
Coefficient 


Typical 
(Note 4) 


LM4041CIM LM4041DIM LM4041EIM3 
LM4041CIM3 LM4041DIM3 LM4041EIZ 
LM4041CIZ LM4041DIZ 

Limits Limits Limits 
(Note 5) (Note 5) (Note 5) 


Change with Operating 
Current Change 


Wideband Noise 


Long Term Stability 


mV (max) 
mV (max) 




60 

65 

65 

/xA (max) 



65 

70 

70 

julA (max) 

Ir = 10 mA 

±20 




ppmrc 

Ir = 1 mA 

±15 

±100 

±150 

±150 

ppm/^C (max) 

Ir = 100 /xA 

±15 




ppm/°C 

Irmin ^ Ir ^ 1 mA 

0.7 




mV 



1.5 

2.0 

2.0 

mV (max) 



2.0 

25 

2.5 

mV (max) 

1 mA ^ Ir ^ 12 mA 

2.5 




mV 



6.0 

8.0 

8.0 

mV (max) 



8.0 

10.0 

10.0 

mV (max) 

Ir = 1 mA,f = 120 Hz 

0.5 




ft 

Iac = 0-1 Ir 


1.5 

2.0 

2.0 

ft (max) 

Ir = 100 jxA 

10Hz ^f^ 10kHz 

20 




/^Vrms 

t = 1000 hrs 

T = 25“C ±o.rc 

Ir = lOOjLLA 

120 




ppm 


LM4041-ADJ (Adjustable) 

Electrical Characteristics 

Boldface limits apply for Ta = Tj = Tmin to TmaxI sill other limits Tj = 25°C unless othenA/ise specified (SOT-23, see Note 
7). Irmin ^ Ir ^ 12 mA, Vref ^ Vqut ^ 10V. The grades C and D designates initial Reference Voltage Tolerances of ±0.5% and 
± 1 %, respectively for Vqut = 5V. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

LM4041CIM 

LM4041CIM3 

LM4041CIZ 
(Note 5) 

LM4041DIM 
LM4041DIM3 
LM4041DiZ 
(Note 5) 

Units 

(Limit) 

Vref 

Reference Voltage 

Ir = 100 jxA, Vqut = 5V 

1.233 



V 


Reference Voltage 

Ir = 100 jxA, Vqut = 5V 


±6.2 

±12 

mV (max) 


Tolerance (Note 8) 



±14 

±24 

mV (max) 

Irmin 

Minimum Operating Current 


45 



JbtA 





60 

65 

jxA (max) 





65 

70 

ju.A (max) 
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LM4041-ADJ (Adjustable) (Continued) 

Electrical Characteristics (Continued) 

Boldface limits apply for Ta = Tj = Tmin TmaxS other limits Tj = 25‘’C unless otherwise specified (SOT-23, see 
Note 7), Irmin ^ Ir ^ 12 mA, Vrer ^ VouT ^ 10V. The grades C and D designates initial Reference Voltage Tolerances of 
±0.5% and ±1%, respectively for Vqut = 5V. 






LM4041CIM 

LM4041DIM 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

LM4041CIM3 

LM4041CIZ 

LM4041DIM3 

LM4041DIZ 

Units 

(Limit) 





(Note 5) 

(Note 5) 


AVref/AIr 

Reference Voltage 

Irmin ^ Ir ^ 1 mA 

0.7 



mV 


Change with Operating 

SOT-23: Vqut ^ 1-6V (Note 7) 


1.5 

2.0 

mV (max) 


Current Change 



2.0 

2.5 

mV (max) 



1 mA ^ Ir ^ 12 mA 

2 



mV 



SOT-23: Vqut ^ 1 -^V (Note 7) 


4 

6 

mV (max) 





6 

8 

mV (max) 

AVref/AVq 

Reference Voltage Change 

Ir = 1 mA 

-1.3 



mV/V 


with Output Voltage Change 



-2.0 

-2.5 

mV/V (max) 





-2.5 

-3.0 

mV/V (max) 

Ifb 

Feedback Current 


60 



nA 





100 

150 

nA (max) 





120 

200 

nA (max) 

AVref/AT 

Average Reference Voltage 

Vout = 5V, Ir= 10 mA 

20 



ppm/°C 


Temperature Coefficient 

Ir = 1 mA 

15 

±100 

±150 

ppm/°C (max) 


(Notes) 

Ir = IOOjllA 

15 



ppm/°C 

ZoUT 

Dynamic Output Impedance 

Ir = 1 mA,f = 120 Hz, 

Iac = 0-1 Ir 







Vqut = Vref 

0.3 



a 



< 

o 

c 

H 

II 

o 

< 

2 



ft 

Gn 

Wideband Noise 

Ir = 100 iiA Vqut = Vref 
10Hz ^f^ 10kHz 

20 



/J'Vrms 

AVref 

Reference Voltage Long 

t = 1000hrs,lR = 100 /xA 

120 



ppm 


Term Stability 

T = 25“C ±o.rc 




Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax (maximum junction temperature), (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax “ Ta)/0ja or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4041, Tj^ax = 125°C, and the typical thermal resistance (0ja). when board 
mounted, is IBS'C/W for the M package, 326°C/W for the SOT-23 package, and 180°C/W with 0.4" lead length and lyo^C/W with 0.125" lead length for the 
TO-92 package. 

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kft resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 

Note 4: Typicals are at Tj = 25*C and represent most likely parametric norm. 

Note 5: Limits are 100% production tested at 25'’C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National’s AOQL. 

Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage 
Tolerance ± [(AVr/AT)(65'’C)(Vr)]. AVr/AT is the Vr temperature coefficient, 65"C is the temperature range from -40*0 to the reference point of 25‘’C, and Vr 
is the reverse breakdown voltage. The total over-temperature tolerance for the different grades is shown below: 

A-grade: ±0.75% = ±0.1% ±100ppm/“C X 65°C 
B-grade: ±0.85% = ±0.2% ±100ppm/'C X 65“C 
C-grade: ±1.15% = ±0.5% ±100ppm/"C x 65°C 
D-grade: ±1.98% = ±1.0% ±150ppm/“C x 65“C 
E-grade: ±2.98% = ±2.0% ±150ppm/*C X 65‘’C 

Therefore, as an example, the A-grade LM4041-1.2 has an over-temperature Reverse Breakdown Voltage tolerance of ±1.2V x 0.75% = ±9.2 mV. 

Note 7. When Vqut ^ l-^V, the LM4041-ADJ in the SOT-23 package must operate at reduced Ir. This is caused by the series resistance of the die attach 
between the die (-) output and the package (-) output pin. See the Output Saturation (SOT-23 only) curve in the Typical Performance Characteristics section. 
Note 8. Reference voltage and temperature coefficient will change with output voltage. See Typical Performance Characteristics curves. 
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Typical Performance Characteristics 


Temperature Drift for Different 
Average Temperature Coefficient 



-40 -20 0 20 40 60 80 100 

TEMPERATURE (^C) 

TL/H/1 1392-19 


Noise Voltage 

1000 

800 

600 

> 
c 

w 400 
o 
z 

200 

0 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/1 1392-5 


z 

0 


1.5 

> I'O 

5?" 0.5 

0 

0 4 8 12 16 

RESPONSE TIME(;is) 

TL/H/1 1392-7 




Output Impedance vs Frequency 



FREQUENCY (Hz) 


TL/H/1 1392-4 


Reverse Characteristics and 
Minimum Operating Current 



REVERSE VOLTAGE (V) 

TL/H/1 1392-9 



T 

Vr 

i 

TL/H/1 1392-8 . 
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IMPEDANCE (n) FEEDBACK CURRENT (nA) REFERENCE VOLTAGE (V) 


Typical Performance Characteristics (Continued) 


Reference Voltage vs Output 
Voltage and Temperature 



0 2 4 6 8 10 


OUTPUT VOLTAGE (V) 

TL/H/1 1392-11 


Feedback Current vs Output 
Voltage and Temperature 



0 2 4 6 8 10 

OUTPUT VOLTAGE (V) 

TL/H/1 1392- 12 


Reference Voltage vs Temperature 
and Output Voltage 



-40 -20 0 20 40 60 80 100 


TEMPERATURE (OC) 

TL/H/1 1392-10 


Output Saturation 
(SOT-23 Only) 



0 2 4 6 8 10 12 

OUTPUT CURRENT (mA) 

TL/H/1 1392-33 


Output Impedance vs Frequency 



Output Impedance vs Frequency 



FREQUENCY (Hz) 


FREQUENCY (Hz) 



TL/H/1 1392- 13 


TL/H/1 1392-14 




LM4041 


Typical Performance Characteristics (Continued) 


Reverse Characteristics 

FB STEPS (V) 

0 2 4 6 8 


(-) 2VAtep VouT 

I 


0 2 4 6 8 10 


OUTPUT VOLTAGE (V) 


Large Signai Response 



iiriiilliiiii 



0 10 20 30 40 

RESPONSE TIME(;4s) 



TL/H/1 1392-17 


Functional Block Diagram 



*LM4041-ADJ only 
‘LM4041-1.2 only 
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Applications information 

The LM4041 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4041 is available in the sub-miniature SOT-23 
surface-mount package. The LM4041 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the “ + ” pin and the pin. If, 
however, a bypass capacitor is used, the LM4041 remains 
stable. Design effort is further reduced with the choice of 
either a fixed 1 .2V or an adjustable reverse breakdown volt- 
age. The minimum operating current is 60 /lA for the 
LM4041-1.2 and the LM4041-ADJ. Both versions have a 
maximum operating current of 1 2 mA. 

LM4041S using the SOT-23 package have pin 1 connected 
as the (-) output through the package’s die attach interface. 
Therefore, the LM4041-1.2’s pin 1 must be left floating or 
connected to pin 3 and the LM4041-ADJ’s pin 1 is the {-) 
output. 

In a conventional shunt regulator application (Figure 1), an 
external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4041 . Rs determines the current that 
flows through the load (II) and the LM4041 (Iq). Since load 
current and supply voltage may vary, Rs should be small 
enough to supply at least the minimum acceptable Iq to the 
LM4041 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and II is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4041 is less than 12 mA. 


Rs is determined by the supply voltage, (Vs), the load and 
operating current, (II and Iq), and the LM4041’s reverse 
breakdown voltage, Vr. 


Rs = 


Vs-Vr 


II + Iq 

The LM4041 -ADJ’s output voltage can be adjusted to any 
value in the range of 1 .24V through 1 0V. It Is a function of 
the internal reference voltage (Vref) and the ratio of the 
external feedback resistors as shown in Figure 2. The out- 
put is found using the equation 


Vq = Vref' 


+ 1 


( 1 ) 


where Vq Is the desired output voltage. The actual value of 
the internal Vref is a function of Vq. The “corrected” Vref 
is determined by 

Vref' = Vq (AVref/AVq) + Vy (2) 

where Vq Is the desired output voltage. AVref/AVq is 
found in the Electrical Characteristics and it typically 
-1.3 mV/V and Vy is equal to 1 .240V. Replace the value of 
Vref' in equation (1) with the value found using equation 
( 2 ). 


Note that the actual output voltage can deviate from that 
predicted using the typical AVref/AVq in equation (2): for 
C-grade parts, the worst-case AVref/AVq is -2.5 mV/V 
and Vy = 1.246V. For D-grade parts, the worst-case 
AVref/AVq is -3.0 mV/V and Vy = 1.248V. 

The following example shows the difference In output volt- 
age resulting from the typical and worst case values of 
AVref/AVq. Let Vq = +9V. Using the typical value of 
AVref/AVq, Vref is 1.228V. Choosing a value of 
R1 = 10 kft, R2 = 63.272 kH. Using the worst case 
AVref/AVq for the C-grade and D-grade parts, the output 
voltage is actually 8.965V and 8.946V, respectively. This re- 
sults in possible errors as large as 0.39% for the C-grade 
parts and 0.59% for the D-grade parts. Once again, resistor 
values found using the typical value of AVref/AVq will 
work in most cases, requiring no further adjustment. 

Typical Applications 


Vs 



TL/H/1 1392-22 

FIGURE 1. Shunt Regulator 


Vs 



TL/H/1 1392-34 

FIGURE 2. Adjustable Shunt Regulator 
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Typical Applications (Continued) 


+ 15V 



FIGURE 3. Bounded amplifier reduces saturation-induced delays and can prevent succeeding stage damage. 
Nominal clamping voltage is ± Vq (LM4041’s reverse breakdown voltage) + 2 diode Vp. 



-5V 


TL/H/1 1392-20 

FIGURE 4. Voltage Level Detector 



TL/H/1 1392-23 

FIGURE 5. Voltage Level Detector 




2.4V + AVdi 
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Typical Applications (Continued) 



ILV LM4041-ADJ 



FIGURE 7. Bidirectional Adjustable 
Clamp ± 18V to ±2.4V 


FIGURE 8. Bidirectional Adjustable 
Clamp ± 2.4V to ±6V 



ni 4N28 GAIN 


FIGURE 9. Simple Floating Current Detector 



^^l^< IQUT < 100 mA 
1J4V 


FIGURE 10. Current Source 



FIGURE 11. Precision Floating Current Detector 

'D1 can be any LED, Vp = 1.5V to 2.2V at 3 mA. D1 may act as an 
indicator. D1 will be on if Ithreshold laOs below the threshold current, 
except with I = O. 
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Typical Applications (Continued) 



FIGURE 12. Programmable Current Source 


LM4041-t.2 12V 



-15V 


TL/H/1 1392-28 

FIGURE 13. Precision 1 ixA to 1mA Current Sources 
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LM4431 

Micropower Shunt Voltage Reference 


General Description 

Ideal for space critical applications, the LM4431 voltage ref- 
erence is available in the sub-miniature (3 mm x 1.3 mm) 
SOT-23 surface-mount package. The LM4431’s advanced 
design eliminates the need for an external stabilizing capac- 
itor while ensuring stability with any capacitive load, thus 
making the LM4431 easy to use. The operating current 
range is 1 00 jaA to 1 5 mA. 

The LM4431 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the parts have 
an accuracy of better than ±2.0% at 25°C. Bandgap refer- 
ence temperature drift curvature correction and low dynam- 
ic impedance ensure stable reverse breakdown voltage ac- 
curacy over a wide range of operating temperatures and 
currents. 

Features 

■ Small package: SOT-23 

■ No output capacitor required 
D Tolerates capacitive loads 

■ Fixed reverse breakdown voltage of 2.50V 


Key Specifications 

■ Output voltage tolerance 25“C ±2.0% (max) 

■ Low output noise (10 Hz to 10 kHz) 35 /xVrms (typ) 

■ Wide operating current range 100 jaA to 15 mA 

■ Commercial temperature range 0®C to + TO^C 

■ Low temperature coefficient 30 ppm/°C (typ) 

Appiications 

■ Portable, Battery-Powered Equipment 

■ Data Acquisition Systems 

■ Instrumentation 

■ Process Control 

M Energy Management 

■ Product Testing 

■ Power Supplies 


Connection Diagram 


SOT-23 

2 

+ C 

3 


TL/H/1 1374-1 

’This pin must be left floating or connected to pin 3. 

Top View 

Order Number LM4431M3-2.5 
See NS Package Number M03B 
(JEDEC Registration TO-236AB) 



SOT-23 Package Marking Information 

Only three fields of marking are possible on the SOT-23’s small surface. The following table gives the meaning of the three 
fields. 


Part Marking 

Field Definition 

S2E 

First Field: 

S = Reference 

Second Field: 

2 = 2.500V Voltage Option 

Third Field: 

E = Initial Reverse Breakdown Voltage Tolerance of ± 2.0% 
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LM4431 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Reverse Current 20 mA 

Fonvard Current 1 0 mA 

Power Dissipation (Ta = 25‘’C) (Note 2) 

M3 Package 306 mW 

Storage T emperature - 65*C to + 1 50“C 

Lead Temperature 
M3 Package 

Vapor phase (60 seconds) + 21 5“C 

Infrared (1 5 seconds) + 220*C 

LM4431-2.5 


ESD Susceptibility 

Human Body Model (Note 3) 2 kV 

Machine Model (Note 3) 200V 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Operating Ratings (Notes 1 & 2) 

Temperature Range 

(Tmin ^ Ta ^ T^ax) 0°^ ^ Ta ^ +70“C 

Reverse Current 

LM4431-2.5 100;xAto15mA 


Electrical Characteristics 

Boldface limits apply for Ta = Tj = Tmin to Tmax; all other limits Ta = Tj = 25“C. 





Typical 
(Note 4) 

LM4431M3 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Limits 
(Note 5) 

Vr 

Reverse Breakdown Voltage 

Ir = 100 jllA 

2.500 


V 


Reverse Breakdown Voltage 
Tolerance 

Ir = lOOjaA 


±50 

mV (max) 

•rmin 

Minimum Operating Current 


45 

100 

/jlA 

juA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±30 


ppm/°C 


Voltage Temperature 

Ir = 1 mA 

±30 


ppm/°C 


Coefficient 

Ir = lOOjmA 

±30 


ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir 1 mA 

0.4 




Change with Operating 



1.0 



Current Change 



1.2 




1 mA ^ Ir ^ 15 mA 

2.5 


mV 





8.0 

mV (max) 





25 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz 

Iac = 0.1 Ir 

1.0 


n 

©N 

Wideband Noise 

Ir = 100 juiA 
lOHz^f^ 10 kHz 

35 


M'Vrms 

AVr 

Reverse Breakdown Voltage 

t = lOOOhrs 





Long Term Stability 

T = 25 ‘’C ±o.rc 

Ir = 100 jliA 



ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. - 


Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax (maximum junction temperature), 0 ja Gunction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax “ Ta)/0ja or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4431, Tjmax = 125"C, and the typical thermal resistance (0ja), when board 
mounted, is 326*C/W for the SOT-23 package. 

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kft resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 

Note 4: Typicals are at Tj = 25®C and represent most likely parametric norm. 

Note 5: Limits are 100% production tested at 25‘’C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National’s AOQL. 
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Typical Performance Characteristics 
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Temperature Drift for Different 
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Ir = 150 /iA 
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TEMPERATURE (®C) 

TL/H/1 1374-2 


Reverse Characteristics and 



0 1 2 3 4 5 

REVERSE VOLTAGE (V) 


TL/H/1 1374-4 


Start-Up Characteristics 



TL/H/1 1374-6 


Output Impedance vs Frequency 



TL/H/1 1374-3 
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LM4431 


Functional Block Diagram 



Applications Information 

The LM4431 is a micro-power curvature-corrected 2.5V 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4431 is available in the sub-miniature SOT-23 
surface-mount package. The LM4431 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the “ + ” pin and the pin. If, 
however, a bypass capacitor is used, the LM4431 remains 
stable. The operating current range Is 100 ju,A to 1 5 mA. 
The LM4431’s SOT-23 package has a parasitic Schottky 
diode between pin 3 (-) and pin 1 (Die attach interface 
contact). Therefore, pin 1 of the SOT-23 package must be 
left floating or connected to pin 3. 

In a conventional shunt regulator application (Figure 1), an 
external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4431 . Rs determines the current that 
flows through the load (II) and the LM4431 (Iq). Since load 
current and supply voltage may vary, Rs should be small 
enough to supply at least the minimum acceptable Iq to the 
LM4431 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and II Is at its minimum, Rs 


should be large enough so that the current flowing through 
the LM4431 is less than 15 mA. 


Rs is determined by the supply voltage, (Vs), the load and 
operating current, (II and Iq), and the LM4431’s reverse 
breakdown voltage, Vr. 


Vs ~ Vr 
Il + 


Typical Applications 



TL/H/1 1374-9 

FIGURE 1. Shunt Regulator 
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Typical Applications (Continued) 


+5V 



TL/H/1 1374-10 

FIGURE 2. Bounded amplifier reduces saturation-induced delays and can prevent succeeding stage damage. 
Nominal clamping voltage is ±3.9V (LM4431’s reverse breakdown voltage +2 diode Vp). 



FIGURE 3. Protecting Op Amp input. The bounding voltage is +4V with the LM4431 
(LM4431’s reverse breakdown voltage + 3 diode Vp). 
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Typical Applications (Continued) 


12V 



FIGURE 4. Programmable Current Source 


TL/H/11374-12 


LM4431 12V 



-15V 


TL/H/1 1374-13 

FIGURE 5. Precision 1 juiA to 1 mA Current Sources 
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National Semiconductor 

LM9140 

Precision Micropower Shunt Voltage Reference 

■ No output capacitor required 

■ Tolerates capacitive loads 

■ Fixed reverse breakdown voltages of 2.500V, 4.096V, 
5.000V, and 10.000V 

Key Specifications (lm914o-2.5) 

■ Temperature coefficient ±25 ppm/^C (max) 

■ Output voltage tolerance ±0.5% (max) 

■ Low output noise (10 Hz to 10 kHz) 35 jaVrms (typ) 

■ Wide operating current range 60 jaA to 15 mA 

■ Industrial temperature range — 40°C to +85®C 

Applications 

■ Portable, Battery-Powered Equipment 

■ Data Acquisition Systems 

■ Instrumentation 

■ Process Control 

■ Energy Management 

■ Product Testing 

■ Automotive 

■ Precision Audio Components 


Connection Diagrams 

TO-92 


NC + - 

3 2 1 



TL/H/1 1393-2 

Bottom View 

See NS Package Number Z03A 

Ordering Information 

Reverse Breakdown 
Voltage Tolerance at 25'’C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient 

0.5%, 25 ppm/^C max 


Z (TO-92) 


LM9140BYZ-2.5, 

LM9140BYZ-4.1, 

LM9140BYZ-5.0, 

LM9140BYZ-10.0 


General Description 

The LM9140’s reverse breakdown voltage temperature co- 
efficients of ±25 ppm/“C are ideal for precision applica- 
tions. The LM9140’s advanced design eliminates the need 
for an external stabilizing capacitor while ensuring stability 
with any capacitive load, thus making the LM9140 easy to 
use. Further reducing design effort is the availability of sev- 
eral fixed reverse breakdown voltages: 2.500V, 4.096V, 
5.000V, and 10.000V. The minimum operating current in- 
creases from 60 jaA for the LM91 40-2.5 to 100 jxA for the 
LM91 40-1 0.0. All versions have a maximum operating cur- 
rent of 1 5 mA. 

The LM9140 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than ±0.5% (B grade) at 25°C. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 

Features 

B Guaranteed temperature coefficient of ± 25 ppm/^C 
B Reverse breakdown voltage tolerance of ±0.5% 

B Small package: TO-92 
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LM9140 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Reverse Current 20 mA 

Forward Current 1 0 mA 

Power Dissipation (Ta = 25“C (Note 2) 

Z Package 550 mW 

Storage T emperature - 65°C to + 1 50‘’C 

Lead Temperature 
Z Package 

Soldering (10 seconds) +260“C 


LM9140BYZ-2.5 


BSD Susceptibility 
Human Boddy Mode (Note 3) 
Machine Model (Note 3) 


2kV 

200V 


Operating Ratings (Notes 1 and 2) 

Temperature Range 

(Tmin ^ Ta ^ T^ax) -40‘>C ^ Ta ^ + 85^ 

Reverse Current 

LM9,1 40-2.5 60 juiA to 1 5 mA 

LM91 40-4.1 68jLtAto15mA 

LM91 40-5.0 74 /xA to 15 mA 

LM91 40-1 0.0 100 p,A to 15 mA 


Electrical Characteristics 

Boldface limits appiy for Ta = Tj = Tmin Tmax> other limits Ta = Tj = 25*’C 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

Limits 
(Note 5) 


Vr 

Reverse Breakdown Voltage 

Ir = 100jliA 

2.500 




Reverse Breakdown Voltage 

lR=100jLlA 





Tolerance (Note 6) 





Irmin 

Minimum Operating Current 


45 

60 






65 


AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±10 




Voltage Temperature 

Ir = 1 mA 

±10 

±25 



Coefficient (Note 7) 

Ir = lOOjLtA 

±10 



AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 

0.3 




Change with Operating 






Current Change 



ibqiii 




1 mA ^ Ir ^ 15 mA 

2.5 







6.0 






8.0 


Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz. 

0.3 





Iac = 0-1 Ir 


0.8 


On 

Wideband Noise 

Ir = 100 fxA 
lOHz^f ^ 10 kHz 

35 



AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 





Long Term Stability 

T = 25“C±0.rC 

Ir = 100 jLlA 

120 
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LM9140BYZ-4.1 
Electrical Characteristics 

Boldface limits apply for = T j = Tmin TmaxI other limits Ta = Tj = 25“C 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

Limits 
(Note 5) 

Units 

(Limit) 

Vr . 

Reverse Breakdown Voltage 

Ir = lOOjLtA 

4.096 


V 


Reverse Breakdown Voltage 

Ir = 100 p,A 


±20.5 

mV (max) 

i 

Tolerance (Note 6) 



±27.1 

mV (max) 

•rmin 

Minimum Operating Current 


50 

68 

jaA 

jaA (max) 





73 

jLtA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±10 


ppm/°C 


Voltage Temperature 

< 

E 

II 

_DC 

±10 

±25 

ppm/“C (max) 


Coefficient (Note 7) 

Ir = lOO/uiA 

±10 


ppm/^C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 

0.5 


mV 


Change with Operating 



0.9 

mV (max) 


Current Change 



1.2 

mV (max) 



1 mA ^ Ir ^ 15 mA 

3.0 


mV 





7.0 

mV (max) 





10.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f= 120 Hz, 

0.5 


n 



Iac = 0-1 Ir 


1.0 

n(max) 

eivi 

Wideband Noise 

Ir = 100 ]LlA 

10Hz ^f^ 10kHz 

80 



AVr 

Reverse Breakdown Voltage 

t = lOOOhrs 





Long Term Stability 

T = 25‘’C ±o.rc 

Ir = 100 /xA 

120 


ppm 
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LM9140BYZ-5.0 
Electrical Characteristics 

Boldface limits apply for - Tj = Tnim to TmaxS other limits Ta = Tj = 25*C 


Symbol 

Parameter 

Conditions 

Typical 

Limits 

Units 


(Note 4) 

(Note 5) 

(Limit) 

Vr . 

Reverse Breakdown Voltage 

Ir = 100 p.A 

5.000 


V 


Reverse Breakdown Voltage 

Ir = 100 /jlA 


±25.0 

mV (max) 


Tolerance (Note 6) 



±33.1 

mV (max) 

Irmin 

Minimum Operating Current 


65 

74 

liiA 

' fiA (max) 





80 

fiA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±10 


ppm/"C 


Voltage Temperature 

Ir = 1 mA 

±10 

±29 

ppm/“C (max) 


Coefficient (Note 7) 

lR=100fAA 

±10 


ppm/"C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ l mA 

0.5 


mV 


Change with Operating 



1.0 

mV (max) 


Current Change 



1.4 

mV (max) 



1 mA ^ Ir ^ 15 mA 

3.5 


mV 





8.0 

mV (max) 





12.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 

0.5 


ft 



Iac = O-i Ir 


1.1 

ft(max) 

Gn 

Wideband Noise 

Ir = 100jliA 
lOHz^f^ 10 kHz 

80 


M'Vrms 

AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 

< 




Long Term Stability 

T = 25"C ±o.rc 

lR = 100p.A 

120 


ppm 
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LM9140BYZ-10.0 
Electrical Characteristics 

Boldface limits apply for = Tj = Tmin TmaXi all other limits Ta = Tj = 25°C 


Symbol 

Parameter 

Conditions 

Typical 
(Note 4) 

Limits 
(Note 5) 

Units 

(Limit) 

Vr 

Reverse Breakdown Voltage 

Ir = 150 /xA 

10.00 


V 


Reverse Breakdown Voltage 

Ir = lOOjLtA 


±50.0 

mV (max) 


Tolerance (Note 6) 



±66.3 

mV (max) 

Irmin 

Minimum Operating Current 


75 

100 

jaA 

juA (max) 





103 

juA (max) 

AVr/AT 

Average Reverse Breakdown 

Ir = 10 mA 

±10 


ppm/“C 


Voltage Temperature 

Ir = 1 mA 

±10 

±25 

ppm/°C (max) 


Coefficient (Note 7) 

Ir = 150 jxA 

±10 


ppm/“C 

AVr/AIr 

Reverse Breakdown Voltage 

Irmin ^ Ir ^ 1 mA 

0.8 


mV 


Change with Operating 



1.6 

mV (max) 


Current Change 



3.5 

mV (max) 



1 mA ^ Ir ^ 15 mA 

8.0 


mV 





12.0 

mV (max) 





23.0 

mV (max) 

Zr 

Reverse Dynamic Impedance 

Ir = 1 mA,f = 120 Hz, 

0.7 


a 



Iac = 0.1 Ir 


1.7 

ft(max) 

Gn 

Wideband Noise 

Ir = 150jLtA 
lOHz^f ^ 10 kHz 

180 

■ 

M'Vrms 

AVr 

Reverse Breakdown Voltage 

t = 1000 hrs 





Long Term Stability 

T = 25“C ±o.rc 

Ir = 150 fxA 

120 


ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax (maximum junction temperature), 0j/\ (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tjmax “ Ta)/0ja or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM9140, Tjmax = IZS^C, and the typcial thermal resistance (0ja), when board 
mounted, is ITO'C/W with 0.125" lead length for the TO-92 package. 

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kn resistor into each pin. The machine mode is a 200 pF capacitor discharged 
directly into each pin. 

Note 4: Typicals are at Tj = 25°C and represent most likely parametric norm. 

Note 5: Limits are 100% production tested at 25'’C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National’s AOQL. 

Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voltage Tolerance is defined as a room termperature Reverse Breakdown Voltage Tolerance 
± [AVr/AT) (65'’C) (Vr)]. AVr/AT is the Vr temperature coefficent, 65'’C is the temperature range from -40°C to the reference point of 25'’C, and Vr is the 
reverse breakdown voltage. The total over-temperature tolerence for the different grades is shown below: 

B-grade: ±0.66% = ±0.5% ±25 ppm/"C X 65*C 

Therefore, as an example, the B-grade LM91 40-2.5 has an over-temperature Reverse Breakdown Voltage tolerance of ±2.5V x 0.66% = ±16.6 mV. 

Note 7: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating T^ax 
and T|^in, divided by Tmax “ Tmin. The measured temperatures are -55°C, -40"C, 0*0, 25‘’C, TO'C, 85*C and 125'’C. 
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IMPEDANCE (Xi) Vr CHANGE (%) 


Typical Performance Characteristics 


Temperature Drift for Different 
Average Temperature Coefficient 
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TL/H/1 1393-3 


Output Impedance vs Frequency 



FREQUENCY (Hz) 

TL/H/1 1393-4 


Output Impedance vs Frequency 



TL/H/1 1393-5 


Reverse Characteristics and 
Minimum Operating Current 



REVERSE VOLTAGE (V) 

TL/H/1 1393-6 



1 
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LM9140 


Functional Block Diagram 



Applications Information 

The LM9140 Is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. The LM9140 has been 
designed for stable operation without the need of an exter- 
nal capacitor connected between the “ + ” pin and the ” 
pin. If, however, a bypass capacitor is used, the LM9140 
remains stable. Reducing design effort is the availability of 
several fixed reverse breakdown voltages: 2.500V, 4.096V, 
5.000V, and 10.000V. The minimum operating current in- 
creases from 60 juA for the LM91 40-2.5 to 100 juiA for the 
LM91 40-1 0.0. All versions have a maximum operating cur- 
rent of 1 5 mA. 

The 4.096V version allows single +5V 12-bit ADCs or 
DACs to operate with an LSB equal to 1 mV. For 12-bit 
ADCs or DACs that operate on supplies of 1 0V or greater, 
the 8.192V version gives 2 mV per LSB. 

In a conventional shunt regulator application (Figure 1), an 
external series resistor (Rs) is connected between the sup- 
ply voltage and the LM9140. Rs determines the current that 
flows through the load (l|J and the LM9140 (Iq). Since load 
current and supply voltage may vary, Rs should be small 
enough to supply at least the minimum acceptable Iq to the 
LM9140 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 


voltage is at its maximum and II is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM9140 is less than 15 mA. 

Rs is determined by the supply voltage, (Vs), the load and 
operating current, (II and Iq), and the LM9140’s reverse 
breakdown voltage, Vr. 

„ Vs - Vr 


Typical Applications 



FIGURE 1. Shunt Regulator 
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Typical Applications (Continued) 
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ZpO.lMF 

2 
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FIGURE 2. LM9140-4.rs Nominal 4.096 breakdown voltage gives ADC12451 1 mV/LSB 


>15kn 

IN4148 < IN4148 


FIGURE 3. Bounded amplifier reduces saturation-induced delays and can prevent succeeding stage damage. 
Nominal clamping voltage is ± 11.5V (LM9140’s reverse breakdown voltage +2 diode Vp). 
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Typical Applications (Continued) 



D2 

-5V 


470ft 

D4 D1-D6=1N914 


AAArO+5V 


5kn 


06 



” TL/H/11393-15 

FIGURE 4. Protecting Op Amp input. The bounding voltage is ± 4V with the LM91 40-2.5 
(LM9140’s reverse breakdown voltage -f- 3 diode Vp). 



FIGURE 5. Precision ± 4.096V Reference 
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Typical Applications (Continued) 



LM9140--2.5 12V 



-15V 


TL/H/11393-18 

FIGURE 7. Precision 1 uA to 1 mA Current Sources 
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National Semiconductor 


Temperature Sensor 
Selection Guide 


Part 

Temp. Range 

^Accuracy 

Output Scale 

LM34A 

-50"Fto +300°F 

±2.0°F 

10mV/T 

LM34 

-50°Fto +300‘’F 

±3.0“F 

10mV/“F 

LM34CA 

-40°Fto +230^ 

±2.0'’F 

10mV/°F 

LM34C 

-40°Fto +230^ 

±3.0'’F 

10 mV/°F 

LM34D 

+ 32'’Fto +212”F 

±4.0°F 

10 mV/“F 

LM35A 

-SS^Cto +150‘’C 

±i:0'’C 

10mV/“C 

LM35 

-SS^Cto +150'’C 

±1.5“C 

10mV/°C 

LM35CA 

-40“Cto +110'’C 

ll-O'-C 

10 mV/"C 

LM35C 

-40°Cto +110‘’C 

±1.5“C 

10 mV/“C 

LM35D 

O^Cto T-IOO^C 

±2.0X 

10mV/“C 

LM45B 

-20”Cto +100°C 

±2.0‘’C 

10mV/“C 

LM45C 

-^O^Cto T-IOO^C 

±3.0‘’C 

10 mV/°C 

LM134-3 

-55“Cto +125“C 

±3.0'’C 

■set “K 

LM134-6 

-55°Cto +125°C 

±6.0“C 

•set “K 

LM234-3 

-25°Cto +100°C 

±3.0“C 

■set “K 

LM234-6 

-25‘’Cto +100'‘C 


■set “K 

LM334 

0°Cto +70°C 

±6.0“C 

■set "K 

LM135A 

-55“Cto +150“C 

±1.3“C 

10mV/°K 

LM135t 

-55“Cto +150“C 

±2.0®C 

10mV/“K 

LM235A 

-40°Cto +125“C 

±1.3”C 

10mV/“K 

LM235 

-40"Cto +125'’C 

±2.0'’C 

10mV/°K 

LM335A 

-40°Cto +100“C 

±2.0“C 

10mV/“K 

LM335 

-40°Cto +100“C 

±4.0“C 

lOmY/^K 


*Note: Accuracy is measured over T(Min) to T(Max) uncalibrated 

Note: The LM1 34/234/334 3-Terminal Adjustable current sources Datasheet can be found in Section 4. 
tNote: Military screening available 
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LM34/LM34A/LM34C/LM34CA/LM34D 


National Semiconductor 


LM34/LM34A/LM34C/LM34CA/LM34D 
Precision Fahrenheit Temperature Sensors 

General Description 

The LM34 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Fahrenheit temperature. The LM34 thus has an advan- 
tage over linear temperature sensors calibrated in degrees 
Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Fahren- 
heit scaling. The LM34 does not require any external cali- 
bration or trimming to provide typical accuracies of ± YzF at 
room temperature and ±iy 2 “F over a full -50 to +300“F 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM34’s low output imped- 
ance, linear output, and precise inherent calibration make 
interfacing to readout or control circuitry especially easy. It 
can be used with single power supplies or with plus and 
minus supplies. As it draws only 75 jmA from its supply, it has 
very low self-heating, less than 0.2^ in still ajr. The LM34 Is 
rated to operate over a -50“ to +300“F temperature 
range, while the LM34C Is rated for a -40“ to +230“F 
range (0“F with improved accuracy). The LM34 series is 
available packaged in hermetic TO-46 transistor packages. 


while the LM34C, LM34CA and LM34D are also available In 
the plastic TO-92 transistor package. The LM34D is also 
available in an 8-lead surface mount small outline package. 
The LM34 is a complement to the LM35 (Centigrade) tem- 
perature sensor. 

Features 

■ Calibrated directly in degrees Fahrenheit 

■ Linear +10.0 mV/“F scale factor 

■ 1.0“F accuracy guaranteed (at +77“F) 

■ Rated for full -50“ to +300“F range 

■ Suitable for remote applications 

■ Low cost due to wafer-levei trimming 

■ Operates from 5 to 30 volts 

■ Less than 90 jiA current drain 

■ Low self-heating, 0.1 8“F in still air 

■ Nonlinearity only ±0.5“F typical 

■ Low-impedance output, 0.4ft for 1 mA load 



Connection Diagrams 


TO-46 

Metal Can Package* 



*Case is connected to negative pin (GND). 

Order Numbers LM34H, LM34AH, 
LM34CH, LM34CAH or LM34DH 
See NS Package Number H03H 


TO-92 

Plastic Package 



BOTTOM VIEW 

TL/H/6685-2 

Order Number LM34CZ, 
LM34CAZor LM34DZ 
See NS Package Number Z03A 


SO-8 

Small Outline Molded Package 



TL/H/6685-20 

Top View 

N.C. = No Connection 

Order Number LM34DM 
See NS Package Number M08A 


Typicai Appiications 


+Vs 

(-hSVTO +20V) 


_L 

LM34 

T 


VouT=+10.0mV/*F 


TL/H/6685-3 

FIGURE 1. Basic Fahrenheit Temperature Sensor 
(+5“to+300“F) 


+ Vs 



CHOOSE Ri = (-Vs)/50 
VouT=+3,000mVAT+300®F 
= +750 mV AT +75®F 
= -500 mV AT -50®F 


TL/H/6685-4 

FIGURE 2. Full-Range Fahrenheit Temperature Sensor 
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Absolute Maximum Ratings (Noteio) 

If Military/Aerospace specified devices are required, 
piease contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 35V to -0.2V 

Output Voltage + 6V to - 1 .OV 

Output Current 1 0 mA 

Storage Temperature, 

TO-46 Package - 76^ to + 356T 

TO-92 Package - 7Q°F to + 300°F 

SO-8 Package - 65°C to + 1 50°C 

BSD Susceptibility (Note 1 1 ) 800V 

DC Electrical Characteristics (Note i, Notes) 


Lead Temp. 

TO-46 Package (Soldering, 10 seconds) 
TO-92 Package (Soldering, 10 seconds) 
SO Package (Note 12): 

Vapor Phase (60 seconds) 

Infrared (15 seconds) 

Specified Operating Temp. Range (Note 2) 


+ 300°C 
+ 260°C 


LM34, LM34A 
LM34C, LM34CA 
LM34D 


TmIN to TmaX 

-50“Fto +300°F 
-40“Fto +230°F 
+ 32°Fto +212“F 


Accuracy (Note 7) 


Nonlinearity (Note 8) 
Sensor Gain 
(Average Slope) 

Load Regulation 
(Note 3) 

Line Regulation (Note 3) 


Quiescent Current 
(Note 9) 


Conditions 

Ta = +77“F 
Ta = OT 
Ta = Tmax 

Ta = Tmin 

Tmin ^ Ta Tmax 
Tmin ^ Ta ^ Tmax 

Ta = +7rF 
Tmin ^ Ta ^ Tmax 
0 ^ li_ ^ 1 mA 

Ta = +77°F 
5V ^ Vs ^ 30V 


Vs = +5V, +77°F 
Vs = +5V 
Vs = +30V, +77‘’F 
Vs=+30V 


LM34A 1 

1 LM34CA 1 

Units 

(Max) 

Typical 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Typical 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

±0.4 

±1.0 


±0.4 

±1.0 


“F 

±0.6 



±0.6 


±2.0 

"F 

±0.8 

±2.0 


±0.8 

±2.0 


°F 

±0.8 

±2.0 


±0.8 


±3.0 

°F 

±0.35 


±0.7 

±0.30 


±0.6 

“F 

+ 10.0 

+ 9.9, 


+ 10.0 


+ 9.9, 

mV/“F, min 


+ 10.1 




+ 10.1 

mV/°F, max 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

±0.5 


±3.0 

±0.5 


±3.0 

mV/mA 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 

±0.02 


±0.1 

±0.02 


±0.1 

mV/V 



Change of Quiescent 
Current (Note 3) 

4V ^ Vs ^ 30V, +77T 

5V ^ Vs ^ 30V 

+ 0.5 

+ 1.0 

2.0 

3.0 

0.5 

1.0 

2.0 

3.0 

juA 

fxA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

/xA/°F 

Minimum Temperature 
for Rated Accuracy 

In circuit of Figure 1, 

Il = 0 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

“F 

Long-Term Stability 

Tj = Tmax for 1000 hours 

±0.16 



±0.16 



“F 


Note 1: Unless otherwise noted, these specifications apply: -SOT ^ Tj ^ + 300“F for the LM34 and LM34A: -40T Tj ^ +230T for the LM34C and 
LM34CA: and + 32T ^ Tj ^ + 21 2T for the LM34D. Vs = + 5 Vdc and Iload = 50 M In the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230T ^ Tj ^ 
300’’F. These specifications also apply from ^-S^F to T^ax in the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 720T/W junction to ambient and 43T/W junction to case. Thermal resistance of the TO-92 package is 
324T/W junction to ambient. Thermal resistance of the small outline molded package is 400“F/W junction to ambient. For additional thermal resistance informa- 
tion see table in the Typical Applications section. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 1 00% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/T times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in T). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 

Note 11: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 12: See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability’’ or the section titled “Surface Mount’’ found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


LM34/LM34A/LM34C/LIVI34CA/LM34D 




LM34/LM34A/LM34C/LM34CA/LM34D 



Load Regulation 
(Note 3) 


Ta = +77"F 
Tmin ^ Ta ^ +150'’F 
0 ^ II ^ 1 mA 





± 1.0 

+ 9 . 8 , 

+ 10.2 


±2.5 

± 6.0 


Change of Quiescent 
Current (Note 3) 

Temperature Coefficient 
of Quiescent Current 


Minimum Temperature 
for Rated Accuracy 


Long-Term Stability 


4V ^ Vs ^ 30V, +77^ 
5V ^ Vs ^ 30V 


In circuit of Figure 1, 

iL = 0 

Tj = Tmax for 1000 hours 
































Typical Performance Characteristics 


Thermal Resistance 
Junction to Air 


720 

540 

360 

180 

0 

0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 



Thermal Time Constant 



AIR VELOCITY (FPM) 


Thermal Response in 



0 2 4 6 8 


Minimum Supply Voltage 
vs. Temperature 



TIME (SEC) 


TEMPERATURE (®F) 


Quiescent Current vs. Temp- 
erature (In Circuit of Figure 2; 



-100 0 100 200 300 


Accuracy vs. Temperature 
(Guaranteed) 



TEMPERATURE (“F) 


TEMPERATURE (“F) 


Thermal Response in 
Still Air 



TIME (MIN) 

Quiescent Current vs. 
Temperature 



-100 0 100 200 300 


TEMPERATURE (“F) 


Accuracy vs. Temperature 
(Guaranteed) 




map 




■■■ 

■aissin 



rA 

mmi 



-100 0 100 200 300 400 


TEMPERATURE (*F) 


1600 
1400 

^ 1200 
1000 

3 800 

^ 600 
o 

* 400 

200 
0 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Noise Voltage 





■■ -1 




■■ -I 




-1 








:: -1 




■■ -11 








.. _.ll 


TL/H/6685-5 


Start-Up Response 



TIME (microseconds) 

TL/H/6685-21 
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LM34/LM34A/LM34C/LM34CA/LM34D 


Typical Applications 

The LM34 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0,02‘’F of the surface temperature. This presumes 
that the ambient air temperature is almost the same as the 
surface temperature; if the air temperature were much high- 
er or lower than the surface temperature, the actual temper- 
ature of the,LM34 die would be at an intermediate tempera- 
ture between the surface temperature and the air tempera- 
ture. This is expecially true for the TO-92 plastic package, 
where the copper leads are the principal thermal path to 
carry heat Into the device, so its temperature might be clos- 
er to the air temperature than to the surface temperature. 
To minimize this problem, be sure that the wiring to the 
LM34, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this Is 
to cover up these wires with a bead of epoxy which will 
Insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM34 die’s temperature will 
not be affected by the air temperature. 

The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course in that case, the 
V_ terminal of the circuit will be grounded to that metal. 
Alternatively, the LM34 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any 1C, the LM34 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true If the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 

Temperature Sensor, 

Single Supply, - 50® to + 300®F 


+vs 

_L 


1 LM34 |— ^ 

P-i 



1N914 ^ 

r1 

- j 

r 

M8k 
► 10% 

L 


TL/H/6685-6 


used to Insure that moisture cannot corrode the LM34 or its 
connections. 

These devices are sometimes soldered to a small, light- 
weight heat fin to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor to 
give the steadiest reading despite small deviations in the air 
temperature. 

Capacitive Loads 

Like most micropower circuits, the LM34 has a limited ability 
to drive heavy capacitive loads. The LM34 by itself is able to 
drive 50 pF without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. When the LM34 Is applied with a 
49911 load resistor (as shown), it Is relatively immune to 
wiring capacitance because the capacitance forms a bypass 
from ground to input, not on the output. However, as with 
any linear circuit connected to wires in a hostile environ- 
ment, Its performance can be affected adversely by Intense 
electromagnetic sources such as relays, radio transmitters, 
motors with arcing brushes, SCR’s transients, etc., as its 
wiring can act as a receiving antenna and its internal junc- 
tions can act as rectifiers. For best results in such cases, a 
bypass capacitor from V|n to ground and a series R-C 
damper such as 750 in series with 0.2 or 1 jaF from output 
to ground are often useful. These are shown in the following 
circuits. 


LM34 

T 


2k 

-VSAr 



HEAVY CAPACITIVE LOAD, WIRING. ETC. 


w TO A HIGH 
^ IMPEDANCE LOAD 


TL/H/6685-7 

FIGURE 3. Ll\/I34 with Decoupling from Capacitive Load 



Temperature Rise of LM34 Due to Self-Heating (Thermal Resistance) 


Conditions 

TO-46, 

TO-46, 

TO-92, 

TO-92, 

s6-8 

SO-8 

No Heatsink 

Small Heat Fin* 

No Heatsink 

Small Heat Fin** 

No Heat Sink 

Small Heat Fin** 

Still air 

720®F/W 

180®F/W 

324®F/W 

252®F/W 

40d°F/W 

200®F/W 

Moving air 

180®F/W 

72®F/W 

162®F/W 

126“F/W 

190“F/W 

160“F/W 

Still oil 

180®F/W 

72®F/W 

162®F/W 

126®F/W 



Stirred oil 

90®F/W 

54®F/W 

8rF/W 

72®F/W 



(Clamped to metal, 
infinite heat sink) 

(43®F/W) 



(95®F/W) 


‘Wakefield type 201 or 1 " disc of 0.020" sheet brass, soldered to case, or similar. 

**10-92 and SO-8 packages glued and leads soldered to 1" square of Vie" printed circuit board with 2 oz copper foil, or similar. 
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Typical Applications (Continued) 


Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 



TL/H/6685-9 


5V 



4-to-20 mA Current Source 


Fahrenheit Thermometer 


(Oto +100“F) 


(Analog Meter) 



+ 5V 



TL/H/6685-12 


TL/H/6685-11 


Expanded Scale Thermometer 
(50*’ to 80** Fahrenheit, for Example Shown) 


Temperature-to-Digital Converter 
(Serial Output, + 128T Full Scale) 













LM34/LM34A/LM34C/LM34CA/LM34D 


Typical Applications (Continued) 


LM34 with Voltag^-to-Frequency Converter and Isolated Output 
(3°F to + 300“F; 30 Hz to 3000 Hz) 


I 100kll> I >1 

0.01 




4N28 f-i-foUT 


STABLE CAPACITANCE, 
SEE LM131 DATA SHEET 


Bar-Graph Temperature Display 
(Dot Mode) 

67 68 69 70 71 72 73 74 75 76 


1 18 |17 |16 |15 |14 |13 |12 Til 1 10 


F 2 3 4 5 6 7 8 9 


HEAT;^ LM34 
FINS 


F va 
I OUT I 



' = 1 % or 2% film resistor 
-Trim Rb for Vb = 3.525V 
-Trim Rc for Vq = 2.725V 

—Trim R^ for V/\ = 0.085V + 40 mV/'F X T^mbient 
-E xample, Va = 3.285V at 80*F ■ 
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Typical Applications (Continued) 


Temperature-to-Digital Converter 

(Parallel TRI-STATE® Outputs for Standard Data Bus to jaP Interface, 128 °F Full Scale) 



Temperature Controller 


+ 15V 



TL/H/6685-18 

Block Diagram 



TL/H/6685-19 
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National Semiconductor 


LM35/LM35A/LM35C/LM35CA/LM35D 
Precision Centigrade Temperature Sensors 


General Description 

The LM35 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. The LM35 thus has 
an advantage over linear temperature sensors calibrated in ® 
Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Centi- 
grade scaling. The LM35 does not require any external cali- 
bration or trimming to provide typical accuracies of ± %®C 
at room temperature and ±^//tC over a full -55 to + 150"C 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM35’s low output imped- 
ance, linear output, and precise inherent calibration make 
interfacing to readout or control circuitry especially easy. It 
can be used with single power supplies, or with plus and 
minus supplies. As it draws only 60 jllA from its supply, it has 
very low self-heating, less than O.rC in still air. The LM35 Is 
rated to operate over a -55“ to +150“C temperature 
range, while the LM35C Is rated for a -40“ to +110“C 
range (-10“ with improved accuracy). The LM35 series is 


available packaged in hermetic TO-46 transistor packages, 
while the LM35C, LM35CA, and LM35D are also available in 
the plastic TO-92 transistor package. The LM35D is also 
available in an 8-lead surface mount small outline package 
and a plastic TO-202 package. 

Features 

■ Calibrated directly in “ Celsius (Centigrade) 

■ Linear + 10.0 mV/“C scale factor 

■ 0.5“C accuracy guaranteeable (at + 25“C) 

■ Rated for full -55“ to +150“C range 

■ Suitable for remote applications 

■ Low cost due to wafer-level trimming 

■ Operates from 4 to 30 volts 

■ Less than 60 /xA current drain 

■ Low self-heating, 0.08“C in still air 

■ Nonlinearity only ± y/C typical 

■ Low impedance output, 0.1 n for 1 mA load 


Connection Diagrams 


TO-46 

Metal Can Package* 



TL/H/5516-1 

*Case is connected to negative pin (GND) 

Order Number LM35H, LM35AH, 
LM35CH, LM35CAH or LM35DH 
See NS Package Number H03H 


TO-92 

Plastic Package 



Order Number LM35CZ, 
LM35CAZ or LM35DZ 
See NS Package Number Z03A 


SO-8 

Small Outline Molded Package 



, ^ 1 

%T“ 

1 8 

N.C.- 

CM 

N.C.- 

3 6 

GND- 

4 5 


TL/H/5516-21 

Top View 

N.C. = No Connection 

Order Number LM35DM 
See NS Package Number M08A 


TO-202 

Plastic Package 



Order Number LM35DP 
See NS Package Number P03A 


Typicai Applications 


+Vs 

(4VT0 20V) 


TL/H/5516-3 

FIGURE 1. Basic Centigrade 
Temperature 
Sensor (+ 2“C to + 150“C) 


+vs 


1 



LM35 

^ OUTPUT 

0 mV+10.0 inV/«C 

LM35 



1 



-VOUT 


-Vs 


Choose Ri = -Vs/50 p,A 

VouT =+ 1 .500 mV at + 1 50“C 
= +250 mV at -f-25“C 
= -550 mV at -55*C 

FIGURE 2. Full-Range Centigrade 
Temperature Sensor 
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Absolute Maximum Ratings (Note io) 

If Military/ Aerospace specified devices are required, SO Package (Note 1 2): 

please contact the National Semiconductor Sales Vapor Phase (60 seconds) 215°C 

Office/Distributors for availability and specifications. 5 220»C 

SupplyVoltage + 35V to -0.2V eSD Susceptibility (Note 11) 2500V 

Output Voltage +6Vto 1.0V Specified Operating Temperature Range: Tm IN to I’m ax 

Output Current 1 0 mA (Note 2) 

Storage Temp., TO-46 Package. -60»Cto T-ISO^C lM 35. LM35A -55°Cto +150°C 

TO-92 Package, - 60“C to + 1 50“C LM35C, LM35CA - 40°C to + 1 1 0°C 

SO-SPackage, -es-Cto +150“C lM 35D 0°Cto +100°C 

TO-202 Package, - 65*0 to 4- 1 50"C 

Lead Temp.: 

TO-46 Package, (Soldering, 1 0 seconds) 300‘’C 

TO-92 Package, (Soldering, 10 seconds) 260°C 

TO-202 Package, (Soldering, 1 0 seconds) + 230°C 

Electrical Characteristics (Note d (Note 6) 

Parameter 

Conditions 

LM35A 

LM35CA 

Units 

(Max.) 

Typicai 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Typicai 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Accuracy 

Ta=+25“C 

±0.2 

±0.5 


±0.2 

±0.5 


°C 

(Note 7) 

Ta=-io°c 

±0.3 



±0.3 


±1.0 

°C 


Ta=Tmax 

±0.4 

±1.0 


±0.4 

±1.0 


°c 


Ta=Tmin 

±0.4 

±1.0 


±0.4 


±1.5 

°c 

Nonlinearity 

TmIN^Ta:^TmaX 

±0.18 


±0.35 

±0.15 


±0.3 

°c 

(Note 8) 









Sensor Gain 

Tmin^Ta^Tmax 

+ 10.0 

+ 9.9, 


+ 10.0 


+ 9.9, 

mV/°C 

(Average Slope) 



+ 10.1 




+ 10.1 


Load Regulation 

Ta=+25°C 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note3)0:^lL^1 mA 

TmIN^Ta^TmaX 

±0.5 


±3.0 

±0.5 


±3.0 

mV/mA 

Line Regulation 

Ta=+25°C 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 

(Note 3) 

4V^Vs^30V 

±0.02 


±0.1 

±0.02 


±0.1 

mV/V 

Quiescent Current 

Vs=+5V, +25“C 

56 

67 


56 

67 


jliA 

(Note 9) 

Vs=+5V 

105 


131 

91 


114 

jaA 


Vs=+30V, +25“C 

56.2 

68 


56.2 

68 


julA 


Vs=+30V 

105.5 


133 

91.5 


116 

jliA 

Change of 

4V^Vs^30V, +25"C 

0.2 

1.0 


0.2 

1.0 


jllA 

Quiescent Current 

4V^Vs^30V 

0.5 


2.0 

0.5 


2.0 

jllA 

(Note 3) 









Temperature 


+ 0.39 


+ 0.5 

+ 0.39 


+ 0.5 

jxAFC 

Coefficient of 









Quiescent Current 









Minimum Temperature 

In circuit of 

+ 1.5 


+ 2.0 

+ 1.5 


+ 2.0 

“C 

for Rated Accuracy 

Figure /, Il=0 








Long Term Stability 

Tj = TMAX.for 

±0.08 



±0.08 



°C 


1000 hours 








Note 1: Unless othenvise noted, these specifications apply: - 

55*C^Tj^ + 150*0 for the LM35 and LM35A; -40*^Tj^ + 1 10*0 for the LM35C and LM35CA; and 

0*^Tj^ + 100“C for the LM35D. Vs= +5Vdc and Iload=50 /xA, In the circuit of Figure 2. These specifications also apply from +2°C to T^ax in fhs circuit of 

Figure 1. Specifications in boldface apply over the full rated temperature range. 






Note 2: Thermal resistance of the TO-46 package is AGO’C/W, junction to ambient, and 24”C/W junction to case. Thermal resistance of the TO-92 package is 

180*C/W junction to ambient. Thermal resistance of the small outline molded package is 220’C/W junction to ambient. Thermal resistance of the TO-202 package 

is SS’C/W junction to ambient. For additional thermal resistance information see table in the Applications section. 
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Electrical Characteristics (Note i) (Note 6) (Ckintinued) 




LM35 

LM35C, LM35D 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max.) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 


Accuracy, 

Ta=+25°C 

±0.4 

±1.0 


±0.4 

±1.0 


°C 

LM35, LM35C 

Ta=-10°C 

±0.5 



±0.5 


±1.5 

“C 

(Note 7) 

Ta=Tmax 

±0.8 

±1.5 


±0.8 


±1.5 

“C 


Ta = TmIN 

±0.8 


±1.5 

±0.8 


±2.0 

“C 

Accuracy, 

Ta=+25“C 




±0.6 

±1.5 


"C 

LM35D 

Ta=Tmax 




±0.9 


±2.0 

OQ 

(Note 7) 

Ta = TmiN 




±0.9 


±2.0 

OQ 

Nonlinearity 
(Note 8) 

TmIN^Ta^TmaX 

±0.3 


±0.5 

±0.2 


±0.5 

“C 

Sensor Gain 

TmIN^Ta^TmaX 

+ 10.0 

+ 9.8, 


+ 10.0 


+ 9.8, 

mV/X 

(Average Slope) 



+ 10.2 




+ 10.2 


Load Regulation 

Ta=+25°C 

±0.4 

±2.0 


±0.4 

±2.0 


mV/mA 

(Note3)0^lL^1 mA 

TmIN^Ta^TmAX 

±0.5 


±5.0 

±0.5 


±5.0 

mV/mA 

Line Regulation 

Ta=+25°C 

±0.01 

±0.1 


±0.01 

±0.1 


mV/V 

(Note 3) 

4V^Vs^30V 

±0.02 


±0.2 

±0.02 


±0.2 

mV/V 

Quiescent Current 

Vs=+5V, +25“C 

56 

80 


56 

80 


jliA 

(Note 9) 

Vs=+5V 

105 


158 

91 


138 

jaA 


Vs=+30V, +25“C 

56.2 

82 


56.2 

82 


jliA 


Vs=+30V 

105.5 


161 

91.5 


141 

jjlA 

Change of 

4V^Vs^30V, +25‘’C 

0.2 

2.0 


0.2 

2.0 


/jlA 

Quiescent Current 
(Note 3) 

4V^Vs^30V 

0.5 


3.0 

0.5 


3.0 

jjlA 

Temperature 

Coefficient of 

Quiescent Current 


+ 0.39 


+ 0.7 

+ 0.39 


+ 0.7 

jjlAFC 

Minimum Temperature 

In circuit of 

+ 1.5 


+ 2.0 

+ 1.5 


+ 2.0 

“C 

for Rated Accuracy 

Figure /, Il=0 








Long Term Stability 

Tj = Tmax. for 

±0.08 



±0.08 



"C 


1 000 hours 









Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested Limits are guaranteed and 100% tested in production. 

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specifications in boldface apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10mv/°C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in “C). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10; Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions. See Note 1. 

Note 11: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 
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QUIESCENT CURRENT {^J<) PERCENT OF FINAL VALUE (%) THERMAL RESISTANCE (°C/W) 


Typical Performance Characteristics 


Thermal Resistance 
Junction to Air 






































Ji 

1-46 









Thermal Time Constant 


25 ^ — 

20 -V 

15 rA-TO-46- 


Thermal Response 
in Still Air 



0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 

0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 

0 2 4 6 

TIME (MINUTES) 

Thermal Response in 

Stirred Oil Bath 

Minimum Supply 

Voltage vs. Temperature 

Quiescent Current 
vs. Temperature 
(In Circuit of Figure 1.) 



) 2 4 6 

TIME (SECONDS) 

Quiescent Current 
vs. Temperature 
(In Circuit of Figure 2.) 


-75 -25 25 75 125 175 

TEMPERATURE (°C) 


Accuracy vs. Temperature 
(Guaranteed) 


-75 -25 25 75 125 175 

TEMPERATURE (°C) 

TL/H/5516-17 

Accuracy vs. Temperature 
(Guaranteed) 



-75 -25 25 75 125 

TEMPERATURE (°C) 


- 2.0 

-75 -25 



aci 

NiaPSdliii'S. , 

j 


i 25 75 125 175 

TEMPERATURE (“C) 


-25 25 75 125 175 

TEMPERATURE (“C) 

TL/H/5516-18 


Noise Voltage 


Start-Up Response 




100 Ik 10k 
FREQUENCY (Hz) 


0 10 20 30 40 50 

TIME (microsoconds) 


LM35/LM35A/LM35C/LM35CA/LM35D 




LM3S/LM35A/LM35C/LM35CA/LM35D 


Applications 

The LM35 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.0 rC of the surface temperature. 

This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM35 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. This is expecially true for the TO-92 
plastic package, where the copper leads are the principal 
thermal path to carry heat into the device, so its tempera- 
ture might be closer to the air temperature than to the sur- 
face temperature. 

To minimize this problem, be sure that the wiring to the 
LM35, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are ail at the same tempera- 
ture as the surface, and that the LM35 die’s temperature will 
not be affected by the air temperature. 


The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V- terminal of the circuit will be grounded to that metal. 
Alternatively, the LM35 can be mounted Inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
Into a threaded hole in a tank. As with any 1C, the LM35 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This Is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM35 or Its 
connections. 

These devices are sometimes soldered to a small light- 
weight heat fin, to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor, to 
give the steadiest reading despite small deviations in the air 
temperature. 


Temperature Rise of LM35 Due To Self-heating (Thermal Resistance) 



TO-46, 

TO-46, 

TO-92, 

TO-92, 

SO-8 

SO-8 

TO-202 TO-202 *** 


no heat sink 

small heat fin* 

no heat sink 

small heat fin** 

no heat sink 

small heat fin** 

no heat sink small heat fin 

Still air 

400‘’C/W 

100“C/W 

180°C/W 

140"C/W 

220X/W 

110"C/W 

85°C/W 60°C/W 

Moving air 

100"C/W 

40"C/W 

90*C/W 

70*C/W 

105°C/W 

90“C/W 

25°C/W 40“C/W 

Still oil 

100"C/W 

40‘’C/W 

90"C/W 

70X/W 




Stirred oil 

(Clamped to metal. 

50"C/W 

30"C/W 

45‘’C/W 

40"C/W 




Infinite heat sink) 

(24'’C/W) 




(55°C/W) 


(23"C/W) 


* Wakefield type 201 , or 1 " disc of 0.020" sheet brass, soldered to case, or similar. 

*• TO-92 and SO-8 packages glued and leads soldered to 1 " square of Vie" printed circuit board with 2 oz. foil or similar. 


Typical Applications (Continued) 


+ 1 

. HEAVY CAPACITIVE LOAD, WIRING, ETC. ! I 




1 

LM35 

LM35 


4 ► TO A HIGH-IMPEDANCE LOAD ^ 1 iiF BYPASS 



1 

[ OPTIONAL 

mm 

mam 


TL/H/5516-19 

FIGURE 3. LM35 with Decoupling from Capacitive Load 


HEAVY CAPACITIVE LOAD, WIRING, ETC. 

OUT 


I 

-31 


TL/H/5516-20 


FIGURE 4. LM35 with R-C Damper 


CAPACITIVE LOADS 

Like most micropower circuits, the LM35 has a limited ability 
to drive heavy capacitive loads. The LM35 by itself is able to 
drive 50 pf without special precautions. If heavier loads are 
anticipated. It is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. 

When the LM35 is applied with a 200n load resistor as 
shown in Figure 5, 6, or 8, it is relatively immune to wiring 


capacitance because the capacitance forms a bypass from 
ground to input, not on the output. However, as with any 
linear circuit connected to wires In a hostile environment. Its 
performance can be affected adversely by intense electro- 
magnetic sources such as relays, radio transmitters, motors 
with arcing brushes, SCR transients, etc, as its wiring can 
act as a receiving antenna and its internal junctions can act 
as rectifiers. For best results in such cases, a bypass capac- 
itor from V|N to ground and a series R-C damper such as 
15Vi in series with 0.2 or 1 juiF from output to ground are 
often useful. These are shown in Figures 13, 14, and 16. 
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Typical Applications (Continued) 



V0UT=10mV/“C(TAMBIENT+1“C) 
200 FROM +2'’C TO +4000 


TL/H/5516-5 

FIGURE 5. Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


^200 > TWISTED PWR 

► 1 % 


. VoUT=10 mV/“C (TamBIEMT+1'’C) 
FROM +2*0 TO +40“C 


6.8k I I 

5% < <200 

OR 10k RHEOSTAT > >1% 

FOR GAIN ADJUST 1 1 


TL/H/5516-6 

FIGURE 6. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 




L_ 

1 

OUT 

LM35 -f— + 'I 

1 -v 

0 I ^ 

LM35 —I 

1 

BYPASS 





TL/H/5516-7 

FIGURE 7. Temperature Sensor, Single Supply, -55“ to 
+ 150“C 


I > 2i( > 200 

I >1% >1% 


VbUT = 10inV/‘’C(TAMBIENT + 10'’C) 
FROM -5*C to +40'»C 


;2k <200 
M% >1% 


TL/H/5516-0 

FIGURE 8. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 



+vs 

(6V TO 20V) 


TL/H/5516-9 

FIGURE 9. 4-TO-20 mA Current Source (0“C to + 100“C) 



lV0UT = 

I +1.0 mv/®F 


TL/H/5516-10 

FIGURE 10. Fahrenheit Thermometer 


5 - 


LM35/LM35A/LM35C/LM35CA/LM35D 






LM35/LM35A/LM35C/LM35CA/LM35D 


Typical Applications (Continued) 



TL/H/5516-11 


FIGURE 11. Centigrade Thermometer (Analog Meter) 



TL/H/5516-12 

FIGURE 12. Expanded Scale Thermometer 
(50° to 80° Fahrenheit, for Example Shown) 



TL/H/5516-13 

FIGURE 13. Temperature To Digital Converter (Serial Output) (+ 128°C Full Scale) 



PARALLEL 

►DATA 

OUTPUT 


► INTR 


I RD 
I WR 
• GND 


TL/H/5516-14 

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to juP Interface) (128°C Full Scale) 
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Typical Applications (Continued) 



TL/H/5516-16 

* = 1 % or 2% film resistor 
-Trim Rb for Vb = 3.075V 
-Trim Rc for Vc= 1.955V 

-Trim R a for Va= 0.075V + 100mV/*C X Tambient 
-Example. Va= 2.275V at 22*C 

FIGURE 15. Bar-Graph Temperature Display (Dot Mode) 


6V 



TL/H/5516-15 

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output 
(2°C to + ISOX; 20 Hz to 1500 Hz) 






LM35/LM35A/LM35C/LM35CA/LM35D 


Block Diagram 



TL/H/5516-23 
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National Semiconductor 


LM45B/LM45C 

SOT°23 PrscisBon CentigracSe Temperature Sensors 


General Description 

The LM45 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. The LM45 does not 
require any external calibration or trimming to provide accu- 
racies of ±2'’C at room temperature and ±3°C over a full 
—20 to + 100°C temperature range. Low cost is assured by 
trimming and calibration at the wafer level. The LM45’s low 
output impedance, linear output, and precise inherent cali- 
bration make interfacing to readout or control circuitry espe- 
cially easy. It can be used with a single power supply, or with 
plus and minus supplies. As it draws only 1 20 jaA from its 
supply, it has very low self-heating, less than 0.2‘’C in still 
air. The LM45 is rated to operate over a -20° to -M00°C 
temperature range. 

Applications 

■ Battery Management 
B FAX Machines 
B Printers 


B Portable Medical Instruments 
B HVAC 

B Power Supply Modules 
B Disk Drives 
B Computers 
B Automotive 

Features 

B Calibrated directly in ° Celsius (Centigrade) 
B Linear + 1 0.0 mV/°C scale factor 
B ±3°C accuracy guaranteed 
B Rated for full -20° to +100°C range 
B Suitable for remote applications 
B Low cost due to wafer-level trimming 
B Operates from 4.0V to 1 0V 
B Less than 1 20 juA current drain 
B Low self-heating, 0.20°C in still air 
B Nonlinearity only ±0.8°C max over temp 
B Low impedance output, 20ft for 1 mA load 


Connection Diagram 

SOT-23 



TL/H/1 1754-1 

Top View 

See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


Order 

Number 

SOT-23 

Device 

Marking 

Supplied As 

LM45BIM3 

T4B 

250 Units on Tape and Reel 

LM45BIM3X 

T4B 

3000 Units on Tape and Reel 

LM45CIM3 

T4C 

250 Units on Tape and Reel 

LM45CIM3X 

T4C 

3000 Units on Tape and Reel 


Typical Applications 


(4.0V TO 10V) 

± 


(4.0V TO 10V) 



OUTPUT 


LM45 

Vqut = (l0mV/oc X Temp ^C) 

LM45 


= +1,000 mV at +IOOOC 


J- 

Vqut = +250 mV at +250C 



TL/H/1 1754-3 "Vs 

FIGURE 1. Basic Centigrade Temperature choose Ri = -Vs/50 /xA 

Sensor ( + 2.5°C to + 100°C) Vout= (io mV/'C x Temp "C) 

VouT = + 1 .000 mV at + 1 00*C 
= +250mVat +25»C 


TL/H/1 1754-4 


= -200 mV at -20*C 

FIGURE 2. Full-Range Centigrade 
Temperature Sensor (-20°C to + 100°C) 
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LM45B/LM45C 




LM45B/LM45C 


Absolute Maximum Ratings (Note d 



Supply Voltage 

+ 12V to -0.2V 

ESD Susceptibility (Note 3): 


Output Voltage 

+ Vs + 0.6V to -1.0V 

Human Body Model 

2000V 

Output Current 

10 mA 

Machine Model 

TBD 

Storage Temperature 

Lead Temperature 

-65“Cto +150“C 

Operating Ratings (Notei) 


SOT Package (Note 2): 


Specified Temperature Range 


Vapor Phase (60 seconds) 

215^0 

(Note 4) 

Tmin^o Tmax 

Infrared (15 seconds) 

220“C 

LM45B, LM45C 

-20‘’Cto +100“C 



Operating Temperature Range 




LM45B. LM45C 

-40“Cto +125“C 



Supply Voltage Range ( + Vs) 

+ 4.0V to +10V 


Electrical Characteristics Unless Otherwise noted, these specifications apply for + Vs = + 5Vdc and Iload = 
+ 50 jaA, in the circuit of Figure 2. These specifications also apply from +2.5®C to Tmax 'n the circuit of Figure 1 for +Vs = 
+ 5Vdc. Boldface limits apply for Ta = Tj = Tmhi to Tmax! all othei' HfTi'ts Ta = Tj = +25°C, unless otherwise noted. 


LM45B LM45C 


Parameter 

Conditions 

Typical 

Limit 

Typical 

Limit 

Units 

(Limit) 




(Note 5) 


(Note 5) 

Accuracy 

Ta=+25°C 


+ 2.0 


±3.0 

“C (max) 

(Note 6) 

Ta = TmaX 


±3.0 


±4.0 

°C (max) 


Ta = Tmin 


±3.0 


±4.0 

°C (max) 

Nonlinearity 
(Note 7) 

Tmin^Ta^Tmax 


±0.8 


±0.8 

°C (max) 

Sensor Gain 

Tmin^Ta^TmaX 


+ 9.7 


+ 9.7 

mV/°C (min) 

(Average Slope) 



+ 10.3 


+ 10.3 

mV/“C (max) 

Load Regulation (Note 8) 

O^Il^ +1 mA 


±35 


+35 

mV/mA (max) 

Line Regulation 

+ 4.0V^ + Vs^ + 10V 


±0.80 


±0.80 

mV/V (max) 

(Note 8) 



±1.2 


±1.2 

mV/V (max) 

Quiescent Current 

+ 4.0V^+Vs^ + 10V, +25°C 


120 


120 

jliA (max) 

(Note 9) 

+ 4.0V^+Vs^ + 10V 


160 


160 

julA (max) 

Change of Quiescent 

Current (Note 8) 

4.0V^+Vs^10V 


2.0 


2.0 

juiA (max) 

Temperature Coefficient 
of Quiescent Current 


+ 2.0 


+ 2.0 


jliA/^C 

Minimum Temperature 
for Rated Accuracy 

In circuit of 

Figure /, Il = 0 


+ 2.5 


+ 2.5 

°C (min) 

Long Term Stability (Note 10) 

Tj = Tmax. for 1000 hours 

±0.12 


±0.12 


"C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 3: Human body model, 100 pF discharged through a 1.5 kft resistor. Machine model, 200 pF discharged directly into each pin. 

Note 4: Thermal resistance of the SOT-23 package is 260*C/W, junction to ambient when attached to a printed circuit board with 2 oz. foil as shown in Figure 3. 
Note 5: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 6: Accuracy is defined as the error between the output voltage and 10 mv/^C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in “C). 

Note 7: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 

Note 8: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 9: Quiescent current is measured using the circuit of Figure 1. 

Note 10: For best long-term stability, any precision circuit will give best results if the unit is aged at a warm temperature, and/or temperature cycled for at least 46 
hours before long-term life test begins. This is especially true when a small (Surface-Mount) part is wave-soldered; allow time for stress relaxation to occur. 
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Typical Performance Characteristics 

To generate these curves the LM45 was mounted to a printed circuit board as shown in Figure 3. 

Thermal Resistance 



0 200 400 600 aoo 1000 

AIR VELOCITY (FPM) 

Thermal Response 
in Stirred Oil Bath 
with Heat Sink 



0 10 20 30 40 50 60 

TIME (SEC) 

Quiescent Current 
vs Temperature 
(In Circuit of Figure 2) 



-25 0 25 50 75 100 

TEMPERATURE (°C) 


Supply Voltage 



0 123456789 10 

+V5 Supply Voltage (V) 


Thermal Time Constant 



200 400 600 800 1000 

AIR VELOCITY (FPM) 


Start-Up Voltage 
vs Temperature 












L = 

mA 




'l 

= 5( 

0 nk 







- - 


L 






'l 

= 51 

3/iA 





□ 

□ 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (®C) 


Accuracy vs Temperature 
(Guaranteed) 



TEMPERATURE (^C) 


Start-Up Response 


10 20 30 40 50 60 

TIME (;is) 

TL/H/1 1754-5 


Thermal Response in Still Air 
with Heat Sink {Figure 3) 



0 2 4 6 

TIME (MINUTES) 

Quiescent Current 
vs Temperature 
(In Circuit of Figure 1) 



Noise Voltage 





FREQUENCY (Hz) 

Ground Plane 



FIGURE 3. Printed Circuit Board Used 
for Heat Sink to Generate All Curves. 
Square Printed Circuit Board 
with 2 oz. Foil or Similar 
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LM45B/LM45C 


Applications 

The LM45 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.2°C of the surface temperature. 

This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM45 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. 

To ensure good thermal conductivity the backside of the 
LM45 die is directly attached to the GND pin. The lands and 
traces to the LM45 will, of course, be part of the printed 
circuit board, which is the object whose temperature is be- 
ing measured. These printed circuit board lands and traces 
will not cause the LM45s temperature to deviate from the 
desired temperature. 

Alternatively, the LM45 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 


into a threaded hole in a tank. As with any 1C, the LM45 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM45 or its 
connections. 


Temperature Rise of LM45 Due to Self-Heating 
(Thermal Resistance) 


SOT-23** 
no heat sink 

Still air 450‘’C/W 

Moving air 


SOT-23 
small heat fin* 

260^C/\N 

180"C/W 


* Heat sink used is square printed circuit board with 2 oz. foil with part 
attached as shown in Figure 3. 


*• Part soldered to 30 gauge wire. 


Typical Applications 

CAPACITIVE LOADS 

Like most micropower circuits, the LM45 has a limited ability 
to drive heavy capacitive loads. The LM45 by itself is able to 
drive 500 pF without special precautions. If heavier loads 
are anticipated, it is easy to isolate or decouple the load with 
a resistor; see Figure 4. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 5. 

Any linear circuit connected to wires in a hostile environ- 
ment can have its performance affected adversely by In- 
tense electromagnetic sources such as relays, radio trans- 
mitters, motors with arcing brushes, SCR transients, etc, as 
its wiring can act as a receiving antenna and its internal 
junctions can act as rectifiers. For best results in such cas- 
es, a bypass capacitor from V|n to ground and a series R-C 
damper such as 75n in series with 0.2 or 1 )ulF from output 
to ground, as shown \n Figure 5, are often useful. 


+ I HEAVY CAPACITIVE LOAD, WIRING ETC. 



TL/H/1 1754-8 

FIGURE 4. LM45 with Decoupling from Capacitive Load 


T + HEAVY CAMCmVE LOAD, WIRING, ETC. 


1 




1 

0.1 uF BYPASS .J^ 


rxi 


OPTIONAL 

1 


1 


1 

1 

1 J 





TL/H/11754-9 

FIGURE 5. LM45 with R-C Damper 


+vs 

-L. 


VOUT 


\ f 


IBk 

10 % 


TL/H/1 1754-1 2 

FIGURE 6. Temperature Sensor, 

Single Supply, -20°C to + lOO^C 
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Typical Applications (Continued) 



TL/H/1 1754-14 

FIGURE 7. 4-to-20 mA Current Source (0°C to + 100X) 


+ Vs 

(6V TO 10V) 



TL/H/1 1754-15 

FIGURE 8. Fahrenheit Thermometer 



FIGURE 9. Centigrade Thermometer (Analog Meter) 


9V 



100 ftA, 

60 mV 

FULL-SCALE 


TL/H/1 1754-1 7 

FIGURE 10. Expanded Scale Thermometer 
(50° to 80“ Fahrenheit, for Example Shown) 



TL/H/1 1754-18 

FIGURE 11. Temperature To Digital Converter (Serial Output) (+ 128°C Full Scale) 







Typical Applications (Continued) 


a 

m 

• ■ 
S 




TL/H/1 1754-1 9 

FIGURE 12. Temperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to juP Interface) (128'’C Full Scale) 



TL/H/1 1754-20 

• = 1 % or 2% film resistor 
-Trim Rb for Vb= 3.075V 
-Trim Rc for Vc= 1.955V 

-Trim Ra for Va= 0.075V + 100mV/“C X Tambient 
-Example. Va= 2.275V at 22"C 

FIGURE 13. Bar-Graph Temperature Display (Dot Mode) 
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LM50B/LM50C 



National Semiconductor 


ADVANCE INFORMATION 


LM50B/LM50C 

Single-Supply Centigrade Temperature Sensor 


General Description 


The LM50 is a precision integrated-circuit temperature sen- 
sor that can sense a -40°C to + 125“C temperature range 
using a single positive supply. The LM50’s output voltage is 
linearly proportional to Celsius (Centigrade) temperature 
(+10 mV/“C) and has a DC offset of + 500 mV. The offset 
allows reading negative temperatures without the need for a 
negative supply. The ideal output voltage of the LM50 
ranges from + 100 mV to + 1.75V for a -40°C to + 125°C 
temperature range. The LM50 does not require any external 
calibration or trimming to provide accuracies of ±3°C at 
room temperature and ±4‘’C over the full -40°C to 
+ 125“C temperature range. Trimming and calibration of the 
LM50 at the wafer level assure low cost and high accuracy. 
The LM50’s linear output, +500 mV offset, and factory cali- 
bration simplify circuitry required in a single supply environ- 
ment where reading negative temperatures is required. Be- 
cause the LM50's quiescent current Is less than 130 juA, 
self-heating is limited to a very low 0.2'’C in still air. 

Applications 

■ Computers 

■ Disk Drives 


■ Battery Management 

■ Automotive 

■ FAX Machines 

■ Printers 

■ Portable Medical Instruments 

■ HVAC 

■ Power Supply Modules 

Features 

■ Calibrated directly in Celsius (Centigrade) 

■ Linear + 10.0 mV/^C scale factor 

■ ±2“C accuracy guaranteed at +25'’C 

■ Specified for full -40® to + 125®G range 

■ Suitable for remote applications 

■ Low cost due to wafer-level trimming 

■ Operates from 4.5V to 10V 

B Less than 130 /xA current drain 
B Low self-heating, less than 0.2®C in still air 
B Nonlinearity less than 0.8“C over temp 


Connection Diagrams 

SOT-23 



TL/H/ 12370-1 

Top View 

See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


Order 

Number 

SOT-23 

Device Marking 

Supplied As 

LM50BIM3 

T5B 

250 Units on Tape and Reel 

LM50C1M3 

T5C 

250 Units on Tape and Reel 

LM50BIM3X 

T5B 

3000 Units on Tape and Reel 

LM50CIM3X 

T5C 

3000 Units on Tape and Reel 


TO-92 

Plastic Package 



BOTTOM VIEW 

TL/H/12370-2 

Order Number LM50BIZ 
or LM50CIZ 

See NS Package Number Z03A 


Typical Applications 

(4.5V TO 10V) 


LM50 



OUTPUT 

Vqut = (lOmV/oc X Temp °C) +500 mV 
Vqut = +1-750V at +1250C 
Vqut = +750 mV at +250C 
Vqut = +100 mV at -40OC 


TL/H/12370-3 

FIGURE 1. Full-Range Centigrade Temperature Sensor (-40®C to + 125®C) 
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National Semiconductor 

LM134/LM234/LM334 

3-Terminal Adjustable Current Sources 

General Description 

The LM134/LM234/LM334 are 3-terminal adjustable cur- 
rent sources featuring 10,000:1 range in operating current, 
excellent current regulation and a wide dynamic voltage 
range of 1 V to 40V. Current is established with one external 
resistor and no other parts are required. Initial current accu- 
racy is ±3%, The LM134/LM234/LM334 are true floating 
current sources with no separate power supply connections. 

In addition, reverse applied voltages of up to 20V will draw 
only a few dozen microamperes of current, allowing the de- 
vices to act as both a rectifier and current source in AC 
applications. 

The sense voltage used to establish operating current in the 
LM134 is 64 mV at 25®C and is directly proportional to abso- 
lute temperature (°K). The simplest one external resistor 
connection, then, generates a current with ~ +0.33%/®C 
temperature dependence. Zero drift operation can be ob- 
tained by adding one extra resistor and a diode. 

Applications for the current sources include bias networks, 
surge protection, low power reference, ramp generation, 

LED driver, and temperature sensing. The LM 134-3/ 


LM234-3 and LM134-6/LM234-6 are specified as true tem- 
perature sensors with guaranteed initial accuracy of ±3“C 
and fS^C, respectively. These devices are ideal in remote 
sense applications because series resistance in long wire 
runs does not affect accuracy. In addition, only 2 wires are 
required. 

The LM134 is guaranteed over a temperature range of 
-55°C to + 125°C, the LM234 from -25“C to + 100“C and 
the LM334 from O^C to + 70“C. These devices are available 
in TO-46 hermetic, TO-92 and SO-8 plastic packages. 

Features 

□ Operates from IV to 40V 

m 0.02%/V current regulation 
D Programmable from 1 juA to 1 0 mA 

□ True 2-terminal operation 

□ Available as fully specified temperature sensor 
D ±3% initial accuracy 



Connection Diagrams 


SO-8 

Surface Mount Package 


NC V“ V“ NC 



TL/H/5697-24 

Order Number LM334M 
See NS Package 
Number M08A 


SO-8 Alternative Pinout 
Surface Mount Package 

NC NC NC NC 



Order Number LM334SM 
See NS Package 
Number M08A 


TO-46 

Metal Can Package 

'(l)" 

TL/H/5697-12 

Bottom View 

V- Pin is electrically 
connected to case. 

Order Number LM134H, 
LM134H-3, LM134H-6, 
LM234H or LM334H 
See NS Package 
Number H03H 


Typicai Application 


Basic 2-Terminal Current Source 


•set || 



•set I 


“''in TL/H/5697-1 


TO-92 

Plastic Package 

V+ R V- 



TL/H/5697-10 

Bottom View 

Order Number LM334Z, 
LM234Z-3or LM234Z-6 
See NS Package 
Number Z03A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications, 
to V“ Forward Voltage 


LM134/LM234/LM334 

40V 

LM134-3/LM134-6/LM234-3/LM234-6 

30V 

V*" toV~ Reverse Voltage 

20V 

R Pinto V" Voltage 

5V 

Set Current 

10 mA 

Power Dissipation 

400 mW 

ESD Susceptibility (Note 5) 

2000V 


Operating Temperature Range (Note 4) 
LM134/LM134-3/LM134-6 -SS^Cto +125®C 

LM234/LM234-3/LM234-6 -25“C to + 100"C 

LM334 0“Cto+70“C 

Soldering Information 

TO-92 Package (1 0 sec.) 260^0 

TO-46 Package (10 sec.) 300“C 

SO Package 

Vapor Phase (60 sec.) 215“C 

Infrared (1 5 sec.) 220®C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM134/LM234 

LM334 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Set Current Error, = 2.5V, 

10 jaA:^ISET^1 



3 



6 

% 

(Note 2) 

1 mA<lsET^5rnA 



5 



8 

% 


2 jLiA^lsET^IO P'A 



8 



12 

% 

Ratio of Set Current to 

100 jutA^ISET^"* 


18 

23 

14 

18 

26 


Bias Current 

1 mA^lsET^SmA 


14 



14 




2 jaA^ Iset ^"100 P-A 


18 

23 


18 

26 


Minimum Operating Voltage 

2 jaA^ISET^ ^00 P-A 


0.8 



0.8 


V 


100 jaA<lsET^l ITIA 


0.9 



0.9 


V 


1 mA<lsET^5 mA 


1.0 



1.0 


V 

Average Change in Set Current 

2 julA^Iset^^ fTiA 








with Input Voltage 

1.5^V+^5V 


0.02 

0.05 


0.02 

0.1 

%/v 


5V^V+ ^40V 


0.01 

0.03 


0.01 

0.05 

%/v 


1 mA<lsET^5 mA 









1.5V^V^5V 


0.03 



0.03 


%/v 


5V^V^40V 


0.02 



0.02 


%/v 

Temperature Dependence of 

25 jmA^ISET^l i^A 

0.96T 

T 

1.04T 

0.96T 

T 

1.04T 


Set Current (Note 3) 









Effective Shunt Capacitance 



15 


! 

15 


pF 


Note 1: Unless otherwise specified, tests are performed at Tj=25°C with pulse testing so that junction temperature does not change during test. 

Note 2: Set current is the current flowing into the pin. For the Basic 2-Terminal Current Source circuit shown on the first page of this data sheet. Iset is 
determined by the following formula; Iset= 67.7 mV/RsET (@ 25“C). Set current error is expressed as a percent deviation from this amount. Iset increases at 
0.336%/“C ® Tj=25»C (227 ^iV/*C). 

Note 3: Iset is directly proportional to absolute temperature CK). Iset at any temperature can be calculated from: Iset= Iq (T/Tq) where Iq is Iset measured at Tq 
(»K). 

Note 4: For elevated temperature operation, Tj max is: 


LM134 

150*C 

LM234 

125»C 

LM334 

100»C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

dja (Junction to Ambient) 

180"C/W(0.4'' leads) 
160“C/W (0.125" leads) 

440"C/W 

165"C/W 


N/A 

32"C/W 

80°C/W 


Note 5: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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LM134/LM234/LM334 


Typical Performance Characteristics (Continued) 



0.4 0.6 0.8 1.0 1.2 1.4 

V+ TO V- VOLTAGE 

TL/H/5697-29 



10 /lA 100 mA 1mA 10mA 

'set 

TL/H/5697-3 


Application Hints 

The LM1 34 has been designed for ease of application, but a 
general discussion of design features is presented here to 
familiarize the designer with device characteristics which 
may not be immediately obvious. These include the effects 
of slewing, power dissipation, capacitance, noise, and con- 
tact resistance. 

CALCULATING Rset 

The total current through the LM134 (Iset) 'S the sum of the 
current going through the SET resistor (Ir) and the LM134’s 
bias current (Ibias)> QS shown in Figure 1. 



TL/H/5697-27 

FIGURE 1. Basic Current Source 


A graph showing the ratio of these two currents is supplied 
under Ratio of Iset to 'bias in the Typical Performance 
Characteristics section. The current flowing through Rset is 
determined by Vr, which is approximately 214 |ulV/°K 
(64 mV/298“K -214 juiV/^K). 

Vr 

•set = Ir + Ibias = ^ — + Ibias 
Rset 


Since (for a given set current) Ibias is simply a percentage 
of Iset. the equation can be rewritten 



where n Is the ratio of Iset to Ibias es specified In the Elec- 
trical Characteristics Section and shown in the graph. Since 
n is typically 18 for 2 juA ^ Iset ^ t niA, the equation can 
be further simplified to 


VRset/ 

for most set currents. 


Iset 


(1.059) 


= /xV/°K 
Rset 


SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to Iset- At 
Iset 10 M, maximum dV/dt is O.OIV/jas; at Iset = 
1 mA, the limit is IV/jns. Slew rates above the limit do not 
harm the LM134, or cause large currents to flow. 


THERMAL EFFECTS 

Internal heating can have a significant effect on current reg- 
ulation for Iset greater than 100 jliA. For example, each IV 
Increase across the LM134 at Iset = 1 will increase 
junction temperature by ~0.4“C in still air. Output current 
(Iset) has a temperature coefficient of ^0.33%FC, so the 
change In current due to temperature rise will be 
(0.4) (0.33) = 0.132%. This is a 10:1 degradatiori in regula- 
tion compared to true electrical effects. Thermal effects, 
therefore, must be taken into account when DC regulation Is 
critical and Iset exceeds 100 /xA. Heat sinking of the TO-46 
package or the TO-92 leads can reduce this effect by more 
than 3:1. ' 
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Application Hints (Continued) 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buff- 
ering the LM134 with an FET as shown in the applications. 
This can reduce capacitance to less than 3 pF and improve 
regulation by at least an order of magnitude. DC character- 
istics (with the exception of minimum input voltage), are not 
affected. 

NOISE 

Current noise generated by the LM134 is approximately 4 
times the shot noise of a transistor. If the LM134 Is used as 
an active load for a transistor amplifier, input referred noise 
will be increased by about 12 dB. In many cases, this is 
acceptable and a single stage amplifier can be built with a 
voltage gain exceeding 2000. 

LEAD RESISTANCE 

The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermocouple 
or lead resistance effects should be minimized by locating 
the current setting resistor physically close to the device. 
Sockets should be avoided if possible. It takes only 0.711 
contact resistance to reduce output current by 1 % at the 
1 mA level. 

SENSING TEMPERATURE 

The LM134 makes an ideal remote temperature sensor be- 
cause its current mode operation does not lose accuracy 
over long wire runs. Output current is directly proportional to 
absolute temperature In degrees Kelvin, according to the 
following formula: 

(227|aV/°K)(T) 

•set = a 

Rset 

Calibration of the LM134 is greatly simplified because of the 
fact that most of the initial inaccuracy is due to a gain term 
(slope error) and not an offset. This means that a calibration 
consisting of a gain adjustment only will trim both slope and 
zero at the same time. In addition, gain adjustment is a one 
point trim because the output of the LM134 extrapolates to 
zero at 0“K, independent of Rset or cioy initial inaccuracy. 


used to terminate the LM134. Slope error after trim will nor- 
mally be less than ± 1 %. To maintain this accuracy, howev- 
er, a low temperature coefficient resistor must be used for 
Rset- 

A 33 ppm/°C drift of Rset will give a 1 % slope error be- 
cause the resistor will normally see about the same temper- 
ature variations as the LM134. Separating Rset ^fom the 
LM134 requires 3 wires and has lead resistance problems, 
so is not normally recommended. Metal film resistors with 
less than 20 ppm/°C drift are readily available. Wire wound 
resistors may also be used where best stability is required. 

APPLICATION AS A ZERO TEMPERATURE 
COEFFICENT CURRENT SOURCE 

Adding a diode and a resistor to the standard LM134 config- 
uration can cancel the temperature-dependent characteris- 
tic of the LM134. The circuit shown in Figure 3 balances the 
positive tempco of the LM134 (about +0.23 mV/°C) with 
the negative tempco of a forward-biased silicon diode 
(about -2.5 mV/“C). 

+V,N 



FIGURE 3. Zero Tempco Current Source 



TL/H/5697-4 

FIGURE 2. Gain Adjustment 


This property of the LM134 Is illustrated in the accompany- 
ing graph. Line abc is the sensor current before trimming. 
Line a'b'c' Is the desired output. A gain trim done at T2 will 
move the output from b to b' and will simultaneously correct 
the slope so that the output at T1 and T3 will be correct. 
This gain trim can be done on Rset o*" on fhe load resistor 


The set current (Iset) is the sum of li and I 2 , each contribut- 
ing approximately 50% of the set current, and Ibias- Ibias 'S 
usually included in the li term by increasing the Vr value 
used for calculations by 5.9%. (See CALCULATING Rset-) 


Iset = h + I 2 + Ibias* where 


li = 


Vr 

Ri 


and I 2 = 


Vr + Vd 
R2 


The first step is to minimize the tempco of the circuit, using 
the following equations. An example is given using a value 
of +227 jaV/°C as the tempco of the LM134 (which in- 
cludes the Ibias component), and -2.5 mvrc as the temp- 
co of the diode (for best results, this value should be directly 
measured or obtained from the manufacturer of the diode). 


Iset = h + I 2 


disET ^ ^ ^ 

dT dT dT 

_ 227 jLiV/°C ^ 227 jLiV/°C - 2.5 mV/°C 

Ri R2 


= 0 (solve for tempco = 0) 
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Application Hints (Continued) 

R2 2.5 mV/“C - 227 jaV/^C , ^ ^ 

Rl 227 jaV/‘»C 

With the Ri to R 2 ratio determined, values for R^ and R 2 
should be determined to give the desired set current. The 
formula for calculating the set current at T = 25“C is shown 
below, followed by an example that assumes the forward 
voltage drop across the diode (Vq) is 0.6V, the voltage 
across Ri is 67.7 mV (64 mV + 5.9% to account for Ibias). 
and R 2 /R 1 = 10 (from the previous calculations). 

•set = h + I2 + Ibias 
= Vr + Vr + Vp 

Ri R 2 

_ 67.7 mV 67.7 mV + 0.6V 
~ Rl 10.0 Ri 

, 0.134 V 

ISET = — 

This circuit will eliminate most of the LM134’s temperature 
coefficient, and it does a good job even if the estimates of 
the diode’s characteristics are not accurate (as the following 
example will show). For lowest tempco with a specific diode 
at the desired Iset. however, the circuit should be built and 
tested over temperature. If the measured tempco of Iset Is 
positive, R 2 should be reduced. If the resulting tempco is 
negative, R 2 should be increased. The recommended diode 
for use in this circuit is the 1 N457 because its tempco Is 
centered at 1 1 times the tempco of the LM134, allowing R 2 
= 10 Ri. You can also use this circuit to create a current 
source with non-zero tempcos by setting the tempco com- 
ponent of the tempco equation to the desired value instead 
of 0. 


EXAMPLE: A 1 mA, Zero-Tempco Current Source 
First, solve for Ri and R 2 : 


•set ~ 


1 mA = 


0.134 V 
Ri 


Ri = 1340 = 10 R 2 
R 2 = 13400 


Typical Applications 


Ground Referred Fahrenheit Thermometer 

R4 

56k 



+V|N^3V 


VouT'tOwVrF 

10°F<T<26(rF 


+V|N 


TL/H/5697-15 

♦Select R3 = Vref/583 Vref niay be any stable positive voltage ^2V 
Trim R3 to calibrate 


The values of Ri and R 2 can be changed to standard 1 % 
resistor values (Ri = 1330 and R 2 = 1.33 kO) with less 
than a 0.75% error. 

If the forward voltage drop of the diode was 0.65V Instead 
of the estimate of 0.6V (an error of 8%), the actual set cur- 
rent will be 

67.7 mV 67.7 mV -f- 0.65V 
ISET = -^ + - 

= 67.7 mV + 0.65V 

133 1330 

= 1.049 mA 

an error of less than 5%. 

If the estimate for the tempco of the diode’s forward voltage 
drop was off, the tempco cancellation is still reasonably ef- 
fective. Assume the tempco of the diode is 2.6 mV/‘’C in- 
stead of 2.5 mVrC (an error of 4%). The tempco of the 
circuit is now: 

dIsET ^ ^ ^ 

dT dT dT 

_ 227 jaV/°C ^ 227 juiV/°C - 2.6 mV/’’C 
133n 133011 

= -77nA/‘’C 


A 1 mA LM134 current source with no temperature compen- 
sation would have a set resistor of 68fl and a resulting 
tempco of 


227 juiV/°C 
6811 


3.3 ixArC 


So even If the diode’s tempco varies as much as ±4% from 
its estimated value, the circuit still eliminates 98% of the 
LM134’s Inherent tempco. 


Terminating Remote Sensor for Voitage Output 

+V|N 




"Rset 


VOUT 


(ISEtKRl) 

10 mVrK FOR 

Rjet “ 

RL = 10kJ2 


TL/H/5697-14 
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Typical Applications (Continued) 


Low Output Impedance Thermometer 

V|N>4.8V 


R3* 

VouT‘10raV/-K 
ZoUTSWIln 



‘Output impedance of the LM134 at the "R” pin is 
-R? 

approximately where R 2 is the equivalent 

16 

external resistance connected from the V- pin to 
ground. This negative resistance can be reduced 
by a factor of 5 or more by inserting an equivalent 
resistor R 3 = (R 2 /I 6 ) in series with the output. 


TL/H/5697-6 


Low Output impedance Thermometer 



VouT=10mV/°K 

Z0UT^2r2 


TL/H/5697-16 


Higher Output Current 


+V|N 



‘Select R1 and Cl for optimum stability 


TL/H/5697-5 


Micropower Bias 


Low input Voltage Reference Driver 


+V|N 




TL/H/5697-18 




LM134/LM234/LM334 


Typical Applications (Continued) 





TL/H/5697-19 


1.2V Reference Operates on 10 fxA and 2V 


1.2V Regulator with 1.8V Minimum Input 


+V,n>2V 




Zener Biasing 


Aiternate T rimming T echnique Buffer for Photoconductive Ceii 



*For ±10% adjustment, select Rset 
10% high, and make R1 = 3 Rset 
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Typical Applications (Continued) 


FET Cascoding for Low Capacitance and/or Ultra High Output Impedance 


+V|N 



"set 


TL/H/5697-21 


+V|N 



’Select Q1 or Q2 to ensure at least IV across the LM 1 34. Vp(1 - Iset/Idss) ^ 1•2V. 


TL/H/5697-22 


Generating Negative Output Impedance 

+V|N 



TL/H/5697-23 

*ZouT ~ ""16 • R1 (R1/V|fg must not exceed Iset) 


In-Line Current Limiter 

Rset 



*Use minimum value required to ensure stability of protected device. This 
minimizes inrush current to a direct short. 


Schematic Diagram 



TL/H/5697-11 


9 
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National Semiconductor 

LM135/LM235/LM335, LM135A/LM235A/LM335A 
Precision Temperature Sensors 

General Description 

The LM135 series are precision, easily-calibrated, integrat- 
ed circuit temperature sensors. Operating as a 2-terminal 
zener, the LM135 has a breakdown voltage directly propor- 
tional to absolute temperature at +10 mV/*K. With less 
than in dynamic impedance the device operates over a 
current range of 400 juiA to 5 mA with virtually no change in 
performance. When calibrated at 25°C the LM135 has typi- 
cally less than rC error over a lOO^C temperature range. 

Unlike other sensors the LM135 has a linear output. 

Applications for the LM135 include almost any type of tem- 
perature sensing over a -55°C to +150°C temperature 
range. The low impedance and linear output make interfac- 
ing to readout or control circuitry especially easy. 

The LM135 operates over a -55°C to + ISO^C temperature 
range while the LM235 operates over a -40“C to + 125“C 


temperature range. The LM335 operates from -40°C to 
+ 100°C. The LM135/LM235/LM335 are available pack- 
aged in hermetic TO-46 transistor packages while the 
LM335 is also available In plastic TO-92 packages. 

Features 

■ Directly calibrated in ° Kelvin 

■ I^C initial accuracy available 

■ Operates from 400 (xA to 5 mA 

■ Less than 1 ft dynamic impedance 

■ Easily calibrated 

■ Wide operating temperature range 

■ 200°C overrange 

■ Low cost 



Schematic Diagram 



TL/H/5698-1 


Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5698-8 


Bottom View 


Order Number LM335Z or LM335AZ 
See NS Package Number Z03A 


SO-8 

Surface Mount Package 



Order Number LM335M or 
LM335AM 

See NS Package Number M08A 


TO-46 

Metal Can Package* 



TL/H/5698-26 

Bottom View 

*Case is connected to negative pin 

Order Number LM135H, 
LM135H-MIU LM235H, LM335H, 
LM135AH, LM235AH or LM335AH 
See NS Package Number H03H 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
(Note 4) 

Reverse Current 1 5 mA 

Forward Current 1 0 mA 

Storage Temperature 

TO-46 Package - 60“C to + 1 80°C 

TO-92 Package - 60“C to + 1 SO^C 

SO-8 Package - 65°C to + 1 50°C 


Specified Operating Temp. Range 

Continuous 

LM135. LM135A -55“C to + 150“C 
LM235, LM235A -40°C to + 125“C 
LM335, LM335A -40“C to + 1 00“C 
Lead Temp. (Soldering, 10 seconds) 
TO-92 Package: 

TO-46 Package: 

SO-8 Package: 

Vapor Phase (60 seconds) 

Infrared (15 seconds) 


Intermittent 
(Note 2) 

150°C to 200^0 
125“Cto150°C 
100°C to125°C 

260‘’C 

SOO^’C 

OOO-’C 

215‘’C 

220°C 


Temperature Accuracy lmiss/lmsss, LMi35A/LM235A(Notei) 


Parameter 

Conditions 

LM135A/LM235A 


Units 

Min 

Typ 

Max 

Min 



Operating Output Voltage 

Tc = 25°C, Ir = 1 mA 

2.97 

2.98 

2.99 

2.95 



V 

Uncalibrated Temperature Error 

Tc = 25°C, Ir = 1 mA 


0.5 

1 


1 


°C 

Uncalibrated Temperature Error 

Tmin ^ Tc ^ Tmax. Ir = 1 mA 


1.3 

2.7 


2 

5 

°c 

Temperature Error with 25°C 
Calibration 

Tmin ^ Tc ^ Tmax. Ir = 1 mA 


0.3 

1 


0.5 

1.5 

"C 

Calibrated Error at Extended 
Temperatures 

Tc = Tmax (Intermittent) 


2 



2 


°c 

Non-Linearity 

< 

E 

II 

_GC 


0.3 

0.5 


0.3 

1 

°c 

Temperature Accuracy lm335. lm335a (N otei) 

Parameter 

Conditions 

LM335A 

LM335 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Operating Output Voltage 

Tc = 25°C, Ir = 1 mA 

2.95 

2.98 

3.01 

2.92 

2.98 

3.04 

V 

Uncalibrated Temperature Error 

Tc = 25°C, Ir = 1 mA 


1 

3 


2 

6 

“C 

Uncalibrated Temperature Error 

Tmin ^ Tc ^ Tmax. Ir = i mA 


2 

5 


4 

9 

°c 

Temperature Error with 25°C 
Calibration 

Tmin ^ Tc ^ Tmax. Ir = i mA 


0.5 

1 


1 

2 

‘'C 

Calibrated Error at Extended 
Temperatures 

Tc = Tmax (Intermittent) 


2 



2 


“C 

Non-Linearity 

< 

E 

II 

_g: 


0.3 

1.5 


0.3 

1.5 



Electrical Characteristics (Notei) 




LM135/LM235 

LM335 


Parameter 

Conditions 

LM135A/LM235A 

LM335A 

Units 



Min 

Typ 

Max 

Min 

Typ 



Operating Output Voltage 
Change with Current 

400 /LiA^lR^SmA 

At Constant Temperature 


2.5 

10 


3 

B 

mV 

Dynamic Impedance 

Ir = 1 mA 


0.5 



0.6 


a 

Output Voltage Temperature 
Coefficient 








mV/“C 

Time Constant 

Still Air 

■m 



■■■ 

MM 

■■jH 

sec 


100 ft/Min Air 





■H 


sec 


Stirred Oil 





■■ 


sec 

Time Stability 

Tc=125“C 


0.2 



1 0-2 


“C/khr 


Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 

Note 2: Continuous operation at these temperatures for 1 0,000 hours for H package and 5,000 hours for Z package may decrease life expectancy of the device. 
Noted: Thermal Resistance TO-92 TO-46 SO-8 

Oja (junction to ambient) 202*C/W 400*C/W ISS'C/W 

OjcGunctiontocase) 170*C/W N/A N/A 

Note 4: Refer to RETS135H for military specifications. 
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Application Hints 


CALIBRATING THE LM135 

Included on the LM135 chip is an easy method of calibrating 
the device for higher accuracies. A pot connected across 
the LM135 with the arm tied to the adjustment terminal al- 
lows a 1 -point calibration of the sensor that corrects for 
inaccuracy over the full temperature range. 

This single point calibration works because the output of the 
LM135 is proportional to absolute temperature with the ex- 
trapolated output of sensor going to OV output at 0°K 
(—273. 15“C). Errors in output voltage versus temperature 
are only slope (or scale factor) errors so a slope calibration 
at one temperature corrects at all temperatures. 

The output of the device (calibrated or uncalibrated) can be 
expressed as: 

VoUTj = VoUTt X ^ 

O Iq 

where T is the unknown temperature and Tq is a reference 
temperature, both expressed in degrees Kelvin. By calibrat- 
ing the output to read correctly at one temperature the out- 
put at all temperatures is correct. Nominally the output is 
calibrated at 10 mV/“K. 


To insure good sensing accuracy several precautions must 
be taken. Like any temperature sensing device, self heating 
can reduce accuracy. The LM135 should be operated at the 
lowest current suitable for the application. Sufficient current, 
of course, must be available to drive both the sensor and 
the calibration pot at the maximum operating temperature 
as well as any external loads. 

If the sensor is used in an ambient where the thermal resist- 
ance is constant, self heating errors can be calibrated out. 
This is possible if the device is run with a temperature stable 
current. Heating will then be proportional to zener voltage 
and therefore temperature. This makes the self heating er- 
ror proportional to absolute temperature the same as scale 
factor errors. 

WATERPROOFING SENSORS 

Meltable inner core heat shrinkable tubing such as manu- 
factured by Raychem can be used to make low-cost water- 
proof sensors. The LM335 is inserted into the tubing about 
y 2 " from the end and the tubing heated above the melting 
point of the core. The unfilled Yz" end melts and provides a 
seal over the device. 


Typical Applications 

Basic Temperature Sensor 

v+ 

\ * R1 

. OUTPUT 

10mV/“K 

^ LM335 


TL/H/5698-2' 


Calibrated Sensor 


v+ 



OUTPUT 10 inV/°K 


TL/H/5698-9 

•Calibrate for 2.982V at 25*C 


Wide Operating Supply 


v+ 

5V-40V 



Minimum Temperature Sensing Average Temperature Serising 


Remote Temperature Sensing 


15V 



15V 



TL/H/5698-18 



TL/H/5698-19 


Wire length for rC error due to wire drop 


AWG 

Ir = 1 mA 
FEET 

Ir = 0.5 mA* 
FEET 

14 

4000 

8000 

16 

2500 

5000 

18 

1600 

3200 

20 

1000 

2000 

22 

625 

1250 

24 

400 

800 

•For Ir = 

0.5 mA, the trim pot must be deleted. 
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Typical Applications (Continued) 


Ground Referred Fahrenheit Thermometer 


Centigrade Thermometer 



* Adjust R2 for 2.554V across LM336. 



Adjust R1 for correct output. 


♦Adjust for 2.731 5V at output of LM308 


Fahrenheit Thermometer 


1SV 



TL/H/5698-24 


♦To calibrate adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 


THERMOCOUPLE COLD JUNCTION COMPENSATION 
Compensation for Grounded Thermocouple 



TL/H/5698-6 


*Select R3 for proper thermocouple type 


THERMO- 

R3 

SEEBECK 

COUPLE 

(±1%) 

COEFFICIENT 

J 

377Ct 

52.3 jLiV/°C 

T 

308a 

42.8 jllV/°C 

K 

293a 

40.8 jLiV/°C 

S 

45.8a 

6.4 jLtV/“C 


Adjustments: Compensates for both sensor and resistor tolerances 
1. Short LM329B 


2. Adjust R1 for Seebeck Coefficient times ambient temperature (in degrees 
K) across R3. 

3. Short LM335 and adjust R2 for voltage across R3 corresponding to ther- 
mocouple type 

J 14.32 mV K 11.17 mV 

T 11.79 mV S 1.768 mV 
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Typical Applications (Continued) 

Single Power Supply Cold Junction Compensation 



‘Select R3 and R4 for thermocouple type 


THERMO- 

R3 

R4 

SEEBECK 

COUPLE 

COEFFICIENT 

J 

1.05K 

385a 

52.3 jllV/“C 

T 

856n 

315a 

42.8 julV/“C 

K 

816n 

30oa 

40.8 jAV/“C 

S 

128a 

46.3a 

6.4 jxV/“C 


Adjustments: 

1. Adjust R1 for the voltage across R3 equal to the Seebeck Coefficient 
times ambient temperature in degrees Kelvin. 

2. Adjust R2 for voltage across R4 corresponding to thermocouple 


14.32 mV 
11.79 mV 
11.17mV 
1.768 mV 


Centigrade Calibrated Thermocouple Thermometer 

102k 2a4k 

1% 1H 4.7k 



Terminate thermocouple reference junction in 

close proximity to LM335. 

Adjustments: 

1 . Apply signal in place of thermocouple and ad- 
just R3 for a gain of 245.7. 

2. Short non-inverting input of LM308A and out- 
put of LM329B to ground. 

3. Adjust R1 so that Vqut = 2.982V @ 25‘’C. 

4. Remove short across LM329B and adjust R2 
so that Vqut = 246 mV @ 25'C. 

5. Remove short across thermocouple. 


Fast Charger for Nickel-Cadmium Batteries 


Differential Temperature 
Sensor 
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Typical Applications (Continued) 

Ground Referred Centigrade Thermometer 



TL/H/5698-16 


Definition of Terms 

Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at speci- 
fied conditions of operating temperature and current. 
Uncalibrated Temperature Error: The error between the 
operating output voltage at 1 0 mV/®K and case temperature 
at specified conditions of current and case temperature. 


Air Flow Detector* 



’Self heating is used to detect air flow 


Calibrated Temperature Error: The error between operat- 
ing output voltage and case temperature at 10 mV/®K over 
a temperature range at a specified operating current with 
the 25°C error adjusted to zero. 
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Sample and Hold 

Definition of Terms 


Acquisition Time: The time required to acquire a new ana- 
log input voltage once a sample command has been given. 
A signal is “acquired” when it has settled within a specified 
error band around its final value of output voltage. The maxi- 
mum value of the acquisition time occurs when the hold 
capacitor must change to a full-scale voltage change. Note 
that acquisition time is not just the time required for the 
output to settle, but also includes the time required for all 
internal nodes to settle so that the output assumes the 
proper value when switched to the hold mode. 

Aperture Jetter: The uncertainty in the aperture time. Aper- 
ture jitter results from noise which is superimposed on the 
hold command which affects its timing. 

Aperture Time (Aperture Delay): The delay required be- 
tween “Hold” command and an input analog transition, so 
that the transition does not affect the held output. 

Droop Rate: The rate at which the output voltage is chang- 
ing in hold mode as a result of leakage from the hold capaci- 
tor. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 


Feedthrough Attenuation Ratio: The fraction of the input 
signal that appears at the output while the S/H is in hold 
mode. 

Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a percent dif- 
ference. 

Hold Capacitor Leakage Current: The current which flows 
into or out of the hold capacitor while the S/H is in hold 
mode. 

Hold Settling Time: The time required for the output to 
settle within a specified error band after the “hold” logic 
command has been given. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (DC) analog input voltage. 

Sample-to-Hold Transient: The transient that appears at 
the output due to a sample-to-hold transition. 


Sample and Hold— Definition of Terms 


Sample and Hold Selection Guide 
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Sample and Hold Selection Guide 



LF198A 

LF398A 

Accuracy 

Gain/Offset Error 

0.01 

0.01 

Offset Voltage 

2 

3 

Droop Rate (25‘’C) 



Cs = lOOOpF 

30 

30 

Cs= 10000 pF 

3 

3 

Acquisition Time (25°C) 



Cs = 1 000 pF 

4 

4 

Cs = 10000 pF 

20 

20 

Aperture Time (25“C) 

250 

250 

Temperature Range 

-55 to +125 

Oto +70 

Comment 

Low Drift 

i ^ 

Low Drift 
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LF198/LF298/LF398, LF198A/LF398A 
Monolithic Sampl@-and-Hoid Circuits 


General Description 

The LF198/LF298/LF398 are monolithic sample-and-hold 
circuits which utilize BI-FET technology to obtain ultra-high 
dc accuracy with fast acquisition of signal and low droop 
rate. Operating as a unity gain follower, dc gain accuracy is 
0.002% typical and acquisition time is as low as 6 /xs to 
0,01 %. A bipolar Input stage is used to achieve low offset 
voltage and wide bandwidth. Input offset adjust is accom- 
plished with a single pin, and does not degrade input offset 
drift. The wide bandwidth allows the LF198 to be included 
inside the feedback loop of 1 MHz op amps without having 
stability problems. Input impedance of lOiOft allows high 
source impedances to be used without degrading accuracy. 
P-channel junction FET’s are combined with bipolar devices in 
the output amplifier to give droop rates as low as 5 mV/min 
with a 1 julF hold capacitor. The JFET’s have much lower 
noise than MOS devices used in previous designs and do 
not exhibit high temperature instabilities. The overall design 
guarantees no feed-through from input to output in the hold 
mode, even for Input signals equal to the supply voltages. 


Features 

D Operates from ± 5V to ± 1 8V supplies 
lai Less than 10 jas acquisition time 

■ TTL, PMOS, CMOS compatible logic Input 

■ 0.5 mV typical hold step at Ch = 0.01 jllF 

■ Low Input offset 

B 0.002% gain accuracy 
B Low output noise in hold mode 
B Input characteristics do not change during hold mode 
B High supply rejection ratio in sample or hold 
B Wide bandwidth 
B Space qualified 

Logic inputs on the LF198 are fully differential with low input 
current, allowing direct connection to TTL, PMOS, and 
CMOS. Differential threshold is 1.4V. The LF198 will oper- 
ate from ± 5V to ± 1 8V supplies. 

An “A” version Is available with tightened electrical specifi- 
cations. 


Typical Connection and Performance Curve 


Acquisition Time 


ANALOG INPUT O-H LF198 


LOGIC ^ I logic T 
INPUT REFERENCE 



0.001 0.01 

HOLD CAPACITOR (;jF) 


Connection Diagrams 

Dual-ln-Line Package 


Smail-Outiine Package 



t LOGIC 
REFERENCE 


— 

I 

Z) 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


U I- OFFSET ADJUST 


10 1— LOGIC REFERENCE 


Order Number LF398N or LF398AN 
See NS Package Number N08E 


INPUT- 1 
NC- 2 
V“— 3 
NC— 4 
NC - 5 
NC— 6 
OUTPUT — 7 


Order Number LF298M or LF398M 
See NS Package Number M14A 


Metal Can Package 

LOGIC 



Order Number LF198H, 
LF198H/883, LF298H, 
LF398H, LF198AH or LF398AH 
See NS Package Number H08C 
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LF198/LF298/LF398/LF198A/LF398A 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Lead Temperature (Note 3) 

please contact the National Semiconductor Sales H package (Soldering, 10 sec.) 260°C 

Office/Distributors for availability and specifications. N package (Soldering, 1 0 sec.) 260‘’C 

Supply Voltage ±18V M package: 

Power Dissipation (Package Limitation) (Note 1) 500 mW lrtra°ed'(?5 secV^° ' 220°C 

Operating Ambient Temperature Range , r. ■ * x /x • ■ x 

^ ^ ^ ^ Thermal Resistance (0 ja) (typicals) 

LF198/LF198A - 55°C to + 1 25^0 ^ ^ /d ^ *• v.. -x 

H package 215“C/W (Board mount in still air) 

LF298 -25“Cto +85^0 ocor>AA / /d ^ 

85“C/W (Board mount in 

LF398/LF398A 0°Cto+70°C 400LF/min air flow) 

Storage Temperature Range - 65"C to + 1 50*0 isj package 1 1 5*C/W 

Input Voltage Equal to Supply Voltage M package 106°C/W 

Logic To Logic Reference Differential Voltage +7V, -30V 8jc (H package, typical) 20'C/W 

(Note 2) 

Output Short Circuit Duration Indefinite 

Hold Capacitor Short Circuit Duration 10 sec 

Electrical Characteristics 

The following specifcations apply for -Vs + 3.5V ^ V|n ^ +Vs - 3.5V, +Vs = +15V, -Vs = -15V, Ta = Tj = 25"C, 

Ch = 0.01 juF, Rl = 10 kft, LOGIC REFERENCE = OV, LOGIC HIGH = 2.5V, LOGIC LOW = OV unless otherwise specified. 

Parameter 

Conditions 

LF198/LF298 

LF398 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage, (Note 4) 

Tj = 25‘’C 


1 

3 


2 

7 

mV 


Full Temperature Range 



5 



10 

mV 

Input Bias Current, (Note 4) 

Tj = 25*C 


5 

25 


10 

50 

nA 


Full Temperature Range 



75 



100 

nA 

Input Impedance 

Tj = 25*C 


1010 



1010 


11 

Gain Error 

Tj = 25“C, Rl = 10k 


0.002 

0.005 


0.004 

0.01 

% 


Full Temperature Range 



0.02 



0.02 

% 

Feedthrough Attenuation Ratio 

Tj = 25°C, Ch = 0.01 julF 

86 

96 


80 

90 


dB 

at 1 kHz 









Output Impedance 

Tj = 25*C, “HOLD” mode 


0.5 

2 


0.5 

4 

a 


Full Temperature Range 



4 



6 

ft 

“HOLD” Step, (Note 5) 

Tj = 25*C, Ch = 0.01 juiF, VouT = 0 


0.5 

2.0 


1.0 

2.5 

mV 

Supply Current, (Note 4) 

Tj^25*C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 

Tj = 25*C 


2 

10 


2 

10 

jaA 

Current 









Leakage Current Into Hold 

Tj = 25*C, (Note 6) 


30 

100 


30 

200 

pA 

Capacitor (Note 4) 

Hold Mode 








Acquisition Time to 0.1 % 

AVqut ~ 1 0V, Ch = 1 000 pF 


4 

m 

■ 

HQH 

■1 



Ch = 0.01 jmF 


20 


■ 


■ 


Hold Capacitor Charging Current 

V|N~VouT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

VoUT = 0 

80 

110 


80 

110 


dB 

Differential Logic Threshold 

Tj = 25*C 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 

Input Offset Voltage, (Note 4) 

Tj = 25*C 


1 

1 


2 

2 

mV 


Full Temperature Range 



2 



3 

mV 

1 

Input Bias Current, (Note 4) 

Tj = 25*C 


5 

25 


10 

25 

nA 


Full Temperature Range 



75 



50 

nA 
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Electrical Characteristics 

The following specifcations apply for -Vs + 3.5V ^ V|n ^ +Vs - 3.5V, +Vg = -f 15V, -Vs = -15V, Ta = Tj = 25“C, 
Ch = 0.01 jxF, Rl = 10 kn, LOGIC REFERENCE = OV, LOGIC HIGH = 2.5V, LOGIC LOW = OV unless otherwise specified. 
(Continued) 


Parameter 

Conditions 

LF198A 

LF398A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Impedahce 

Tj = 25°C 


1010 



1010 


n 

Gain Error 

Tj = 25“C. Rl = 10k 


0.002 

0.005 


0.004 

0.005 

% 


Full Temperature Range 



0.01 



0.01 

% 

Feedthrough Attenuation Ratio 
at 1 kHz 

Tj = 25“C, Ch = 0.01 ixF 

86 

96 

■ 

86 

90 


dB 

Output Impedance 

Tj = 25*C, “HOLD” mode 


0.5 

1 


0.5 




Full Temperature Range 



4 





“HOLD” Step, (Note 5) . 

Tj = 25'’C, Ch = 0.01 /xF, Vqut ~ ^ 


0.5 

1 


1.0 

1 

mV 

Supply Current, (Note 4) 

Tj^25“C 





Qi 

6.5 

mA 

Logic and Logic Reference Input 
Current 

Tj = 25”C 

■ 


B 

■ 

B 

10 

jaA 

Leakage Current into Hold 

Tj = 25“C, (Note 6) 








Capacitor (Note 4) 

Hold Mode 


nn 






Acquisition Time to 0.1 % 

AVout = 10V,Ch = lOOOpF 

■ 


6 


4 

6 

jas 


Ch = 0.01 jiiF 

■ 


25 


20 

25 

jLlS 

Hold Capacitor Charging Current 

V|N-VouT = 2V 


Bl 



5 


mA 

Supply Voltage Rejection Ratio 

VoUT = 0 




90 

110 


dB 

Differential Logic Threshold 

Tj = 25°C 



warn 

0.8 

1.4 

El 

V 


Note 1: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja> and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja. or th® number given in the Absolute Maximum Ratings, whichever is lower. The 
maximum junction temperature, Tjmax. tor the LF198/LF198A is 150*6; for the LF298, 115“C; and for the LF398/LF398A, lOO'C. 

Note 2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the supply voltages without 

causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the positive suppjy and 3V above the 

negative supply^ 

Note 3: See AN-450 “Surface Mounting Methods and their effects on Product Reliability” for other methods of soldering surface mount devices. 

Note 4: These parameters guaranteed over a supply voltage range of ±5 to ±18V, and an input range of - Vs + 3.5V ^ V|n ^ +Vs - 3.5V. 

Note 5: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV 
step with a 5V logic swing and a 0.01 jiF hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value. 

Note 6: Leakage current is measured at a junction temperature of 25*0. The effects of junction temperature rise due to power dissipation or elevated ambient can 
be calculated by doubling the 25*C value for each 11*0 increase in chip temperature. Leakage is guaranteed over full input signal range. 

Note 7: A military RETS electrical test specification is available on request. The LF198 may also be procured to Standard Military Drawing # 5962-8760801 GA or to 
MIL-STD-38510 part ID JM38510/12501SGA. 

Typical Performance Characteristics 


Aperture Time* 



Dielectric Absorption 
Error in Hold Capacitor 


ii 1 


5P0LYPH0PVL 

HmERESIS^ 

"■ rrSBrnr/' gonsta 

ENE# 

rRENE 

— — II— ' I 

■■■ m 

1 fintti 


111 

MYLAR 1 
^^TIME< 
CONSTANT ] 


lil 

In 



VAND POLYST 

YRENE 

LUi 

tt 

1 HYSTERESIS 
1 iiruriu,..L., 



INPUT SLEW RATE (V/ms) 


JUNCTION TEMPERATURE (°C) 
'See Definition of Terms 


1 10 
SAMPLE TIME (tm) 


TL/H/5692-3 
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Typical Performance Characteristics (Continued) 



Output Droop Rate 



Hold Step 



“Hold” Settling Tlme*^ 



-so -25 0 25 SO 75 100 125 150 


HOLD CAPACITOR 

HOLD CAPACITOR 

JUNCTION TEMPERATURE (“0 



♦See definition 


Leakage Current into Hold 
Capacitor 



-50 -25 0 25 50 75 100 125 ISO 

JUNCTION TEMPERATURE (°C) 


Phase and Gain (Input to 
Output, Small Signal) 

80 

z 

70 c 

60 o 
o 

50 I 
c 

40 ^ 

30 M 
20 p 
10 
0 

Ik 10k 100k 1M . 10M 

FREQUENCY (Hz) 



Gain Error 



Power Supply Rejection 



100 Ik 10k 100k 1M 


Output Short Circuit Current 



-so -25 0 25 50 75 100 125 150 


FREQUENCY (Hz) 


JUNCTION TEMPERATURE rC) 


Output Noise 


II 

llllllll 

mil 





11 

lllllll 

mil 







mil 





mil 






ill 

mil 





■1 

•iiifi 

ill! 11 







iiiiS 

mil 


Ills 

i 

1 

II 

III 

Mini 

llllll 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Bias Current 



-so -25 0 25 50 75 100 125 ISO 


Feedthrough Rejection Ratio 
(Hold Mode) 



1 10 100 Ik 10k 100k 1M 


Hold Step vs Input Voltage 



-15 -10 -5 0 5 10 IS 


JUNCTION TEMPERATURE (°C) 


FREQUENCY (Hz) 


INPUT VOLTAGE (V) 


TL/H/5692-4 
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Typical Performance Characteristics (Continued) 

Output Transient at Start 
of Sample Mode 


Output Transient at Start 
of Hold Mode 



— 











3 








— 






0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 


60 

40 



time (fis) TL/H/5692-13 


Logic Input Configurations 


TTL & CMOS 
3V^ Vlogic (HI State) ^7V 



Threshold = 1.4V 





Op Amp Drive 



Threshold +4V 


Threshold = -4V 


TL/H/5692-6 
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Application Hints 

Hold Capacitor 

Hold step, acquisition time, and droop rate are the major 
trade-offs in the selection of a hold capacitor value. Size 
and cost may also become important for larger values. Use 
of the curves included with this data sheet should be helpful 
in selecting a reasonable value of capacitance. Keep in 
mind that for fast repetition rates or tracking fast signals, the 
capacitor drive currents may cause a significant tempera- 
ture rise in the LF1 98. 

A significant source of error in an accurate sample and hold 
circuit is dielectric absorption in the hold capacitor. A mylar 
cap, for instance, may “sag back” up to 0.2% after a quick 
change in voltage. A long sample time is required before the 
circuit can be put back into the hold mode with this type of 
capacitor. Dielectrics with very low hysteresis are polysty- 
rene, polypropylene, and Teflon. Other types such as mica 
and polycarbonate are not nearly as good. The advantage 
of polypropylene over polystyrene is that it extends the max- 
imum ambient temperature from 85®C to 100"C. Most ce- 
ramic capacitors are unusable with > 1 % hysteresis. Ce- 
ramic “NPO” or “COG” capacitors are now available for 
125°C operation and also have low dielectric absorption. 
For more exact data, see the curve Dielectric Absorption 
Error. The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be signif- 
icantly reduced if the output of the LF198 is digitized quickly 
after the hold mode is initiated. The hysteresis relaxation 
time constant in polypropylene, for Instance, is 10 — 50 ms. 
If A-to-D conversion can be made within 1 ms, hysteresis 
error will be reduced by a factor of ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset adjust 
pin to the wiper of a 1 kft potentiometer which has one end 
tied to V+ and the other end tied through a resistor to 
ground. The resistor should be selected to give ~ 0.6 mA 
through the Ik potentiometer. 

AC zeroing (hold step zeroing) can be obtained by adding 
an inverter with the adjustment pot tied input to output. A 
1 0 pF capacitor from the wiper to the hold capacitor will give 
±4 mV hold step adjustment with a 0.01 jliF hold capacitor 
and 5V logic supply. For larger logic swings, a smaller ca- 
pacitor (< 10 pF) may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF1 98 must have 
a minimum dV/dt of 1.0 V/jms. Slower signals will cause 
excessive hold step. If a R/C network is used in front of the 
logic input for signal delay, calculate the slope of the wave- 
form at the threshold point to ensure that it is at least 
1.0 V/p,s. 

Sampling Dynamic Signals 

Sample error to moving Input signals probably causes more 
confusion among sample-and-hold users than any other pa- 
rameter. The primary reason for this is that many users 
make the assumption that the sample and hold amplifier is 
truly locked on to the input signal while in the sample mode. 
In actuality, there are finite phase delays through the circuit 
creating an input-output differential for fast moving signals. 
In addition, although the output may have settled, the hold 
capacitor has an additional lag due to the 300n series resis- 


tor on the chip. This means that at the moment the “hold” 
command arrives, the hold capacitor voltage may be some- 
what different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays in 
the logic which switches the circuit from sample to hold. For 
example, consider an analog input of 20 Vp-p at 10 kHz. 
Maximum dV/dt is 0.6 V/jas. With no analog phase delay 
and 100 ns logic delay, one could expect up to (0.1 jus) 
(0.6V/jas) = 60 mV error if the “hold" signal arrived near 
maximum dV/dt of the input. A positive-going input would 
give a + 60 mV error. Now assume a 1 MHz (3 dB) band- 
width for the overall analog loop. This generates a phase 
delay of 160 ns. If the hold capacitor sees this exact delay, 
then error due to analog delay will be (0.16 fis) (0.6 V/juts) 
= -96 mV. Total output error is +60 mV (digital) -96 mV 
(analog) for a total of -36 mV. To add to the confusion, 
analog delay Is proportioned to hold capacitor value while 
digital delay remains constant. A family of curves (dynamic 
sampling error) Is included to help estimate errors. 

A curve labeled Aperture Time has been included for sam- 
pling conditions where the Input Is steady during the sam- 
pling period, but may experience a sudden change nearly 
coincident with the “hold” command. This curve is based on 
a 1 mV error fed Into the output. 

A second curve. Hold Settling Time Indicates the time re- 
quired for the output to settle to 1 mV after the “hold” com- 
mand. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by feeding 
externally into the analog Input at the same time the amplifi- 
er is put Into the hold mode. To minimize this problem, 
board layout should keep logic lines as far as possible from 
the analog Input and the Ch pin. Grounded guarding traces 
may also be used around the input line, especially if it is 
driven from a high impedance source. Reducing high ampli- 
tude logic signals to 2.5V will also help. 


Guarding Technique 





Use lO'pin layout. Guard around Ch is tied to output. 
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Functional Diagram 


OFFSET 



Typical Applications (Continued) 


XI 000 Sample & Hold Sample and Difference Circuit 



Use = — — pF from comp 2 to ground 
Ay 
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Typical Applications (Continued) 

Synchronous Correlator for Recovering 

Signals Below Noise Level 2-Channel Switch 


15V 



15V 



A B 

Gain 1 ± 0.02% 1 ± 0.2% 

Z|N 101 Oft 47kft 

BW = 1 MHz = 400 kHz 

Crosstalk -90 dB -90 dB 
@ 1 kHz 

Offset ^ 6 mV ^ 75 mV 


DC & AC Zeroing 


Staircase Generator 



'Select for step height 


TL/H/5692-9 



LF198/LF298/LF398/LF198A/LF398A 


Typical Applications (Continued) 


Capacitor Hysteresis Compensation 


Differentiai Hold 






TL/H/5692-10 


Definition of Terms 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (dc) analog input voltage. Logic swing is 5V. 
Acquisition Time: The time required to acquire a new ana- 
log input voltage with an output step of 10V. Note that ac- 
quisition time is not just the time required for the output to 
settle, but also includes the time required for all internal 
nodes to settle so that the output assumes the proper value 
when switched to the hold mode. 

Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a per cent 
difference. 


Hold Settling Time: The time required for the output to 
settle within 1 mV of final value after the “hold” logic com- 
mand. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 
Aperture Time: The delay required between “Hold” com- 
mand and an Input analog transition, so that the transition 
does not affect the held output. 
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National Semiconductor 


LF13006/LF13007 Digital Gain Set 


General Description 

The LF13006 and LF13007 are precision digital gain sets 
used for accurately setting non-inverting op amp gains. 
Gains are set with a 3-bit digital word which can be latched 
in with WR and CS pins. All digital inputs are TTL and CMOS 
compatible. 

The LF13006 shown below will set binary scaled gains of 1, 
2, 4, 8, 16, 32, 64, and 128. The LF13007 will set gains of 1, 
2, 5, 1 0, 20, 50, and 1 00 (a common attenuator sequence). 
In addition, both versions have several taps and two uncom- 
mitted matching resistors that allow customization of the 
gain. 

The gains are set with precision thin film resistors. The low 
temperature coefficient of the thin film resistors and their 
excellent tracking result In gain ratios which are virtually in- 
dependent of temperature. 


The LF13006, LF13007 used in conjunction with an amplifi- 
er not only satisfies the need for a digitally programmable 
amplifier in microprocessor based systems, but is also use- 
ful for discrete applications, eliminating the need to find 
0.5% resistors in the ratio of 100 to 1 which track each 
other over temperature. 

Features 

■ TTL and CMOS compatible logic levels 

■ Microprocessor compatible 

■ Gain error 0.5% max 

■ Binary or scope knob gains 

■ Wide supply range + 5V to ± 18V 

■ Packaged in 16-pin DIP 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, V + to V “ 36V 

Supply Voltage, V + to GND 25V 

Voltage at Any Digital Input V + to GND 

Analog Voltage V+ to (V- + 2V) 

Electrical Characteristics (Notes) 


Operating Ratings (Notei) 

Operating Temperature Range 
Lead Temp. (Soldering, 10 seconds) 



Gain Temperature Coefficient 

Digital Input Voltage 
Low 

High 

Digital Input Current 
Low 
High 


Positive Power Supply Current 


Negative Power Supply Current 
Write Pulse Width, tw 




Chip Select Hold Time, tcH 


DIG IN Hold Time, tpH 

V|L=0V, Vih = 5V 

Switching Time for Gain Change 

(Note 4) 

Switch On Resistance 


Unit Resistance, R 


R1 and R2 Mismatch 




V|L=0V 
V,h = 5V 


All Logic Inputs Low 


All Logic Inputs Low 
V|l=0V.V|h = 5V 


V|L=0V, V|h = 5V 


ViL=0V, Vih = 6V 


R1/R2 Temperature Coefficient | | 0.001 | | | %/°C 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Parameters are specified at V + = 1 5V and V “ = -15V. Min V + to ground voltage is 5V. Min V + to V" voltage is 5V. Boldface numbers apply over full 
operating temperature ranges. All other numbers apply at TA=Tj=25°C. 

Note 3: Typicals are at 25“C and represent most likely parametric norm. 

Note 4: Guaranteed and 100% production tested. 

Note 5: Guaranteed (but not 100% production tested) over the operating temperature. These limits are not used to calculate outgoing quality levels. 

Note 6; Settling time for gain change is the switching time for gain change plus settling time (see section on Settling Time). 

Note 7: WR minimum high threshold voltage increases to 2.4V under the extreme conditions when all three digital inputs are simultaneously taken from OV to 5V at 
a slew rate of greater than SOOV/fiS. 


GAIN TABLE 


Connection Diagram 

Dual-In-Line Package 



!)iaital Innii 


Gain | 




LF13006 

LF13007 1 

DIG in 3 

DIG in 2 

DIG ini 

Aout 

Bout 

Aout 

Bout 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

2 

1.25 

1.25 

1 

0 

1 

0 

4 

2.5 

2 

1.6 

0 

1 

1 

8 

5 

5 

4 

1 

0 

0 

16 

10 

10 

8 

1 

0 

1 

32 

20 

20 

16 

1 

1 

0 

64 

40 

50 

40 

1 

1 

1 

128 

80 

100 

80 


1 

zr- 

16 

2 

IS 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9 
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LF13006/LF13007 







Application information 

FLOW-THROUGH OPERATION 

TH E LF13006, LF13007 can be operated with control lines 
CS and WR grounded. In this mode new data on the digital 
inputs will immediately set the new gain value, input data 
cannot be latched in this mode. 

INPUT CURRENT 

Current flowing through the input (pin 2) due to bias current 
of the op amp will result in a gain error due to switch imped- 
ance. Normally this error is very small. For example, 10 nA 
of bias current flowing through 3 kn of switch resistance will 
result In an error of 30 julV at the summing node. However, 
applications that have significant current flowing through the 
input must take this effect into account. 

SETTLING TIME 

Settling time is a function of the particular op amp used with 
the LF1 3006/7 and the gain that is selected. It can be opti- 
mized and stability problems can be prevented through the 


use of a lead capacitor from the inverting input to the output 
of the amplifier. A lead capacitor is effective whenever the 
feedback around an amplifier is resistive, whether with dis- 
crete resistors or with the LF1 3006/7. It compensates for 
the feedback pole created by the parallel resistance and 
capacitance from the inverting input of the op amp to AC 
ground. 

Settling Time Test Circuit 





H 

L |>2 



Typical Settling Time Curves 









IHHIQaBMQfB'il — 


0 2 4 6 8 10 12 14 

LEAD CAPACITOR (pF) 


4 6 8 10 12 14 

LEAD CAPACITOR (pF) 



* U nstable at Ci less than 2 pF 

Typical Applications 

Variable Capacitance Multiplier 

^effective ~ Cl (gain set #) 

Note: Output swing at input op amp 

1/2 LF412 is multiplied by set gain. Signal 
dual u 

OP-AMP range may be limited. 


B 0 2 4 6 8 10 12 14 

LEAD CAPACITOR (pF) 

TL/H/5114-7 


Variable Time Constant Filter 



N = setting of LF1 3006 
1 


1/2LF412 
DUAL OP-AMP 
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LF13006/LF13007 


Typical Applications (Continued) 

Programmable Current Source 

15V 



1.2V 1 

120fl [gain set #. 


TL/H/51 14-10 


Inverting Gains 


DIGITAL 

CONTROL 



TL/H/51 14-12 


Inverting gain with high input im- 
pedance can be obtained with the 
LF13006, LF13007 by using the two 
on-board resistors and a dual op 
amp as shown. 


Switchable Gain of ± 1 

DIGITAL 



Note: Digital code =000, Vout=V|n: 
Digital code = 001 , Vqut = ■" Vin 


Programmable Differential Amp 

DIGITAL 



Note 1: Actual gain = set gain - 1 
since LF1 3006s are In 
“inverting mode". 

Note 2: Set gain must be 
same on both LF1 3006s. 
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Typical Applications 

(Continued) 


Altered Gain Range 

One Octave per Bit Function Generator 

Variable Gains of Almost 1 


^1/3LF347 




TL/H/51 14-16 


TL/H/51 14-15 


GAINS 


Aqut 

Bout 

1 

1 

1.8 

1.2 

3 

2 

4.5 

3 

6 

4 

7.2 

4.8 

8 

5.33 

8.47 

5.65 


Programmable Instrumentation Amp 

1/9 I C^19A 


Attenuator (0 dB to -42 dB in 6 dB steps) 




AoUT 

LF1300B 

► ^ INPUT 


ANA 


GNO 


Note 1: Vout=N (A-B), N = set gain. 
Note 2: All 10k resistors 0.1 % matched. 
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National Semiconductor 


Active Filters 
Definition of Terms 


fCLK- the switched capacitor filter external clock frequency, 
f©: center of frequency of the second order function com- 
plex pole pair, fo is measured at the bandpass output of 
each Vz MF10, and it is the frequency of the bandpass peak 
occurrence. 

Q: quality factor of the 2nd order function complex pole pair. 
Q is also measured at the bandpass output of each Yz MF1 0 
and it is the ratio of f© over the — 3 dB bandwidth of the 2nd 
order bandpass filter. The value of Q is not measured at the 
lowpass or highpass outputs of the filter, but its value re- 
lates to the possible amplitude peaking at the above out- 
puts. 

HoBp: the gain In (V/V) of the bandpass output at f = fo- 
HoLp: the gain in (V/V) of the lowpass output of each Yz 
MF10atf-> 0 Hz. 


Hohp* the gain in (V/V) of the highpass output of each Y 2 
MF10asf-> fcLK/2. 

Qz: the quality factor of the 2nd order function complex zero 
pair, if any. (Qz Is a parameter used when an allpass output 
is sought and unlike Q it cannot be directly measured), 
fz: the center frequency of the 2nd order function complex 
zero pair, If any. If fz Is different from fo, and if the Qz Is 

quite high It can be observed as a notch frequency at the 

allpass output. 

fnotch- the notch frequency observed at the notch output(s) 
of the MF10. 

Hon the notch output gain as f ^ 0 Hz. 

Hon 2 : the notch output gain as f — > fcLK/2. 
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Active Filters— Definition of Terms 


Active Filter Selection Guide 



National Semiconductor 


Active Filter Selection Guide 


Device # 

Type 

Function 

Max 

Order 

Max Freq 
Accuracy , 

Freq 

Range 

Typ.Q 

Accuracy 


MF10(S,T) 

Universal 



±0.6% 

0.1-30 kHz 

±2% 

200 kHz 


Bandpass 





±2% 

5 MHz* 


Lowpass 

Butterworth 

6th 

±1.0% 


N/A 

N/A 

MF5 (S) 



2nd 

±1.0% 

0.1-30 kHz 

±6% 

200 kHz 

MF4 (S) 

Lowpass 

Butterworth 

4th 

±0.6% 


N/A 

N/A 

LMF40 (S, T) 

Lowpass 

Butterworth 

4th 

±1.0% 

0.1-40 kHz 

N/A 

N/A 

LMF60 (S, T) 

Lowpass 

Butterworth 

6th 

±1.0% 

0.1-30 kHz 

N/A 

N/A 

LMF100 (S, T) 

Universal 

Universal 

4th 

±0.6% 

0.1 -40 kHz 

±2% 

1.8 MHz 

LMF90 (S, T) 

Notch 

Elliptic 

4th 

±1% 

0.1-30 kHz 

N/A 

N/A 

LMF380 

Triple 

One-Third Octave 

Triple 

Bandpass 

12th 

±0.5% 

(typ) 

0.1-25 kHz 

N/A 

N/A 


S Surface Mount Available 
T Extended Temperature Available 

*For the MF8 use clock frequency for the parameter F. For all other parts use the center or cut off frequency. 
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National Semiconductor 


LMF40 High Performance 4th-Order 
Switched-Capacitor Butterworth Low-Pass Filter 


General Description 

The LMF40 is a versatile, easy to use, precision 4th-order 
Butterworth low-pass filter fabricated using National’s high 
performance LMCMOS process. Switched-capacitor tech- 
niques eliminate external component requirements and al- 
low a clock-tunable cutoff frequency. The ratio of the clock 
frequency to the low-pass cutoff frequency is internally set 
to 50-to-1 (LMF40-50) or 100-to-1 (LMF40-100). A Schmitt 
trigger clock input stage allows two clocking options, either 
self-clocking (via an external resistor and capacitor) for 
stand-alone applications, or for tighter cutoff frequency con- 
trol, an external TTL or CMOS logic compatible clock can 
be applied. The maximally flat passband frequency re- 
sponse together with a DC gain of 1 V/V allows cascading 
LMF40 sections together for higher-order filtering. 


Features 

■ Cutoff frequency range of 0.1 Hz to 40 kHz 

■ Cutoff frequency accuracy of ±1.0%, maximum 

B Low offset voltage, ±100 mV, maximum, ±5V supply 
B Low clock feedthrough of 5 mVp.p, typical 
B Dynamic range of 88 dB, typical 
B No external components required 
B 8-pin mini-DIP or 14-pin wide-body small-outline pack- 
ages 

B 4V to 14V single/dual supply operation 
B Cutoff frequency set by external or internal clock 
B Pin-compatible with MF4 

Applications 

m Communication systems 
B Instrumentation 
□ Automated control systems 


Block and Connection Diagrams 

FILTER OUT 



Dual-In-Line Package 


CLK IN- 1 
CLK R- 2 
L Sh- 3 

V'- 4 


oL. filter 
®riN 


CLKR L. Sh 

*Pin numbers in parentheses are for the 14-pin package 


Ordering Information 


Top View 


Small-Outline-Wide-Body Package 


CLK IN- 1 
NC- 2 
CLK R- 3 
NC- 4 
L. Sh- 5 
NC- 6 
\r- 7 


— ^ 

1 

y — 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


Industrial (-40°C ^ Ta ^ +85X) 

Package 

LMF40CIN-50, LMF40CIN-100 

N08E 

LMF40CIWM-50 

M14B 

LMF40CIWM-100 

M14B 

Military (-55‘’C ^ Ta ^ +125‘’C) 


LMF40CMJ-50, LMF40CMJ-100 

J08A 


Top View 


LMF40 




LMF40 


Absolute Maximum Ratings 

(Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+-V-) 15V 

Voltage at Any Pin V- - 0.2V to V+ + 0.2V 

Input Current at Any Pin (Note 13) 5 mA 

Package Input Current (Note 1 3) 20 mA 

Power Dissipation (Note 1 4) 500 mW 

Storage T emperature - 65®C to + 1 50“C 


Lead Temperature 

N Package, Soldering (1 0 sec.) + 260'’C 

J Package, Soldering (1 0 sec.) + OOO^C 

WM Package, Vapor Phase (60 sec.) (Note 16) +21 5°C 

WM Package, Infrared (1 5 sec.) + 220“C 

ESDSusceptibility (Note 12) 2000V 

PinICLKIN 1700V 

Operating Ratings (Notes ^&^) 

Temperature Range Tmin ^ ^ Tmax 

LMF40CIN-50. LMF40CIN-100 
LMF40CIWM-50, 

LMF40CIWM-100 -40'’C ^ Ta ^ +85“C 

LMF40CMJ-50, LMF40CMJ-100 -55°C ^ Ta ^ +125“C 
Supply Voltage Range (V + - V ~ ) 4V to 1 4V 


Filter Electrical Characteristics 

The following specifications apply for fcLK = 500 kHz. Boldface limits apply for Ta = Tj = Twin to All other limits Ta 
= Tj = 25‘’C. 



Parameter 



Limits 
(Note 11) 

Units 

(Limit) 

V+ = +5V,V- = -5V 

^CLK 

Clock Frequency Range 
(Note 17) 


5 

2 

Hz (min) 
MHz (max) 

Is 

Supply Current 

CMJ 

CIN, CIJ, CIWM 


3.5 / 7.0 

3.5 / 5.0 

mA (max) 
mA (max) 

Ho 

DC Gain 

HsourcG ^ 2 


+ 0.05/ + 0.05 
-0.15/ - 0.20 

dB (max) 
dB (min) 

fCLK/tc 

Clock to Cutoff 

Frequency Ratio 
(Note 3) 

LMF40-50 

LMF40-100 



49.80 ± 0.8% / 49.80 ± 1 . 0 % 

99.00 ± 0.8% / 99.00 + 1 . 0 % 

(max) 

(max) 

AfcLK/yAT 

Clock to Cutoff Frequency 
Ratio Temperature 
Coefficient 

LMF40-50 

LMF40-100 


5 

5 


ppm/^C 

ppm/“C 

Amin 

Stopband Attenuation 

At2fc 


24.0 

dB (min) 


^6 
















Filter Electrical Characteristics (continued) 

The following specifications apply for fcLK = 500 kHz. Boldface limits apply for Ta = Tj = T^in to All othsf Ta 

= Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

V+ = +5V,V- = -5V (Continued) 

Vos 

Unadjusted DC 

Offset Voltage 

LMF40-50 

LMF40-100 



±80/ ±100 

±80/ ±100 

mV (max) 
mV (max) 

Vo 

Output Swing 

Rl = 5 kn 


±3.9/ ±3.7 
-4.2/ -4.0 

V (min) 

V (max) 

isc 

Output Short Circuit 
Current (Note 8) 

Source 

Sink 

90 

2.2 


< < 
E E 


Dynamic Range 
(Note 4) 


88 


dB 


Additional Magnitude 
Response Test Points 
(Note 6) 

LMF40-50 

flN = 12 kHz 
flN = 9 kHz 


-7.50 ± 0.26/ -7.50 ±0.30 

-1.46 ±0.12/ -1.46 ±0.16 

dB (max) 
dB (max) 


LMF40-100 

flN = 6 kHz 
flN = 4.5 kHz 


-7.15 ±0.26/ -7.15 ±0.30 

-1.42 ±0.12/ -1.42 ±0.16 

dB (max) 
dB (max) 


Clock Feedthrough 

Filter Output 

V|N = OV 

5 


mVp_p 

Filt6r ElGCtriCdl ChsrdCtGriStiCS The following specifications apply for fcLK = 250 kHz. Boldface limits 
apply for Ta = Tj = TMiNtoTMAX: All other limits Ta = Tj = 25®C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

V+ = +2.5V,V- = -2.5V 

fCLK 

Clock Frequency Range 
(Note 17) 


5 

1.0 

Hz (min) 

MHz (max) 

Is 

Supply Current 

CMJ 

CIN, CIJ, CIWM 


2.1 / 4.0 

2.1 / 3.0 

mA (max) 
mA (max) 

Ho 

DC Gain 




dB (max) 
dB (min) 


-0.1 


dB 

tCLK/tc 

Clock to Cutoff 

Frequency Ratio 

LMF40-50 

LMF40-100 
(Note 3) 

tCLK = 250 kHz 


49.80 ±0.8% 

(max) 

fCLK = 500 kHz 

49.80 

±0.6% 


(max) 

fcLK = 250 kHz 


99.00 ±1.0% / 99.00 ± 1.2% 

fCLK = 500 kHz 

99.00 

±1.2% 
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Filter Electrical Characteristics (continued) 

The following specifications apply for fcLK = 250 kHz. Boldface limits appiy for Ta = Tj = Tmin to Tmax'- All other limits Ta 
= Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

V+ = +2.5V,V- = -2.5V (Continued) 

AfcLK/fc/AT 

Clock to Cutoff 

Frequency Ratio 

Temperature Coefficient 

LMF40-50 

LMF40-100 


5 

5 


ppm/®C 

ppm/^C 

Amin 

Stopband Attenuation 

At2fc 


-24.0 


Vos 

Unadjusted DC 

Offset Voltage 

LMF40-50 

LMF40-100 



±80/ ±100 

±80/±1OO 

mV (max) 
mV (max) 

Vo 

Output Swing 

Rl = 5 kft 


+ 1.4/ +1.2 

-2.0/ -1.8 

V (min) 

V (max) 

isc 

Output Short Circuit 

Current (Note 8) 

Source 

Sink 

42 

0.9 


mA 

mA 


Dynamic Range 
(Note 4) 


81 


dB 


Additional Magnitude Response 
Test Points (Note 6) 

LMF40-50 

LMF40-100 

flN = 6 kHz 
flN = 4.5 kHz 


-7.50 ±0.26/ -7.50 ±0.30 

-1.46 ±0.12/ -1.46 ±0.16 

dB (max) 
dB (max) 

f|N = 3 kHz 
flN = 2.25 kHz 


-7.15 ±0.26/ -7.15 ±0.30 

-1.42 ±0.12/ -1.42 ±0.16 

dB (max) 
dB (max) 


Clock Feedthrough 

Filter Output 

V|N = OV 

5 


mVp_p 

LOQiC Input-Output ChBrdCtGriStiCS Ihe following specifications apply for v- = OV unless otherwise 
specified. Boldface limits apply for Ta = Tj = Tmin to Tmax^ all other limits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

TTL CLOCK INPUT, CLK R PIN (Note 9) 


TTL CLK R Pin Input Voltage 

Logic “1” 
Logic “0” 

< < 

I + 

II li 

I + 


2.0/ 2.1 

0.8 / 0.8 

V (min) 

V (max) 


CLK R Input Voltage 

Logic “1 ” 
Logic “0” 

V+ = +2.5V 

V- = -2.5V 


2.0 / 2.0 

0.6 / 0.4 

V (min) 

V (max) 


Maximum Leakage Current 
at CLK R Pin 


2.0 


]liA 

SCHMITT TRIGGER 

Vt + 

Positive Going Input 

Threshold Voltage 

CLK IN Pin 

V+ = +10V 


6.1 / 6.0 

8.8 / 8.9 

V (min) 

V (max) 

V (min) 

V (max) 

V+ = +SV 


3.0 / 2.9 

4.3 / 4.4 
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Logic Input-Output Characteristics (Continued) The following specifications apply for V“ = OV unless 
otherwise specified. Boldface limits apply for Ta = Tj = T^in to Tmax* sH other limits Ta = Tj = 25“C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 10) 

Limits 
(Note 11) 

Units 

(Limit) 

SCHMITT TRIGGER (Continued) 

Vt- 

Negative Going Input 
Threshold Voltage 

V+ = +10V 


1.4/ 1.3 

3.8 / 3.9 

V (min) 

V (max) 


CLK IN Pin 

v+ = -fSV 


0.7 / 0.6 

1.9/ 2.0 

V (min) 

V (max) 

Vt+ - Vt- 

Hysteresis CLK IN Pin 

V+ = +10V 


2.3/ 2.1 

7.4 / 7.6 

V (min) 

V (max) 



v+ = +5V 


1.1 /0.9 

3.6 / 3.8 

V (min) 

V (max) 


Logical “1” Output 

Voltage CLK R 

Pin 

Iq = —10 jitA 

V+ = +10V 

V+ = +5V 


9.1 / 9.0 

4.6 / 4.5 

V (min) 

V (min) 


Logical “0” Output 

Voltage CLK R 

Pin 

Iq = —10 /xA 

V+ = +10V 

V+ = -f5V 


0.9/ 1.0 

0.4 / 0.5 

V (max) 
V(max) 


Output Source Current 

CLK R Pin 

CLKRtoV- 
V+ = +10V 

V+ = -fSV 


4.9 / 3.7 

1.6/ 1.2 

mA (min) 
mA (min) 


Output Sink Current 

CLK R Pin 

CLKRtoV+ 

V+ = + 10V 

V+ = -I-5V 


4.9 / 3.7 

1.6/ 1.2 

mA (min) 
mA (min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating range. 


Note 2: All voltages are specified with respect to ground. 

Note 3: The filter’s cutoff frequency is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 4: For ±5V supplies the dynamic range is referenced to 2.62 Vrms (3-7V peak) where the wideband noise over a 20 kHz bandwidth is typically 100 juVrms for 
the LMF40. For ±2.5V supplies the dynamic range is referenced to 0.849 Vrms (1.2V peak) where the wideband noise over a 20 kHz bandwidth is typically 

75 jmVrms for the LMF40. 

Note 5: The specifications for the LMF40 have been given for a clock frequency (fcLK) of 500 kHz at ±5V and 250 kHz at ±2.5V. Above this clock frequency the 
cutoff frequency begins to deviate from the specified error band of ±0.8% over the temperature range, but the filter still maintains its magnitude characteristics. 
See Application Information, Section 1 .4. 

Note 6: The filter’s magnitude response is tested at the cutoff frequency, fc, fs = 2 fc, and at these other two additional frequencies. 

Note 7: For simplicity all logic levels have been referenced to V" = OV (except for the TTL input logic levels). The logic levels will scale accordingly for ±5V and 
± 2.5V supplies. 

Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum positive swing and then shorting that output to the 
negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that output 
to the positive supply. These are worst case conditions. 

Note 9: The LMF40 is operated with symmetrical supplies and L. Sh. is tied to ground. 

Note 10: Typicals are at Tj = 25*0 and represent the most likely parametric norm. 

Note 11: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Human body model; 100 pF discharged through a 1.5 kft resistor. 

Note 13: When the input voltage (V|n) at any pin exceeds the power supply voltages (V|n < V- or V|n > V+) the absolute value of the current at that pin should 
be limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 
Note 14: The maximum power dissipation must be de-rated at elevated temperatures and is dictated by Tjmax. ^ja. and the ambient temperature Ta. The 
maximum allowable power dissipation is PD = (Tjmax “ Ta)/0ja or fh© number given in the Absolute Maximum Ratings, whichever is lower. For the LMF40, 
Tjmax = 125*0, and the typical junction-to-ambient thermal resistance, when board mounted, is 67*C/W for the LMF40CIN, 62*C/W for the LMF40CIJ and 
LMF40CMJ. and 78*C/W for the LMC40CIWM. 

Note 15: In popular usage the term cutoff frequency defines that frequency at which a filter’s gain drops 3.01 dB below its DC value. Equations (2) and (3) and 
design example 2.1 , however, use the term cutoff frequency (fb) to define that frequency at which a filter’s gain drops by a variable amount as determined from the 
given design specifications. 

Note 16: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices or see the section 
titled “Surface Mount” in the Linear Data Book. 

Note 17: The nominal ratio of the clock frequency to the low-pass cutoff frequency is internally set to 50-to-1 (LMF40-50) or 100-to-1 (LMF40-100). 
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Typical Performance Characteristics (Continued) 
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LMF40 


Pin Descriptions 

(Numbers in ( ) are for 14-pin package). 


Pin Pin 

# Name 

1 CLKIN 

(1) 


2 CLKR 
(3) 


3 L Sh 
(5) 


5 FILTER 

(8) OUT 

6 AGND 
(10) 


Function 

A CMOS Schmitt-trigger input 
to be used with an external 
CMOS logic level clock. Also 
used for self clocking Schmitt- 
trigger oscillator (see Section 
1 . 1 ). 

A TTL logic level clock input 
when in split supply operation 
( + 2.0V to ±7V)with L Sh 
tied to system ground. This pin 
becomes a low impedance 
output when L. Sh is tied to 
V“. Also used in conjunction 
with the CLK IN pin for a self 
clocking Schmitt-trigger 
oscillator (see Section 1.1). 
The TTL input signal must not 
exceed the supply voltages by 
more than 0.2V. 

Level shift pin; selects the 
logic threshold levels for the 
clock. When tied to V” it 
enables an internal TRI- 
STATE® buffer stage between 
the Schmitt trigger and the 
internal clock level shift stage 
thus enabling the CLK IN 
Schmitt-trigger input and 
making the CLK R pin a low 
impedance output. When the 
voltage level at this input 
exceeds 25% (V+ - V-) + 
V- the internal TRI-STATE 
buffer is disabled allowing the 
CLK R pin to become the 
clock input for the internal 
clock level-shift stage. The 
CLK R threshold level is now 
2V above the voltage on the L. 
Sh pin. The CLK R pin will be 
compatible with TTL logic 
levels when the LMF40 is 
operated on split supplies with 
the L. Sh pin connected to 
system ground. 

The output of the low-pass 
filter. 

The analog ground pin. This 
pin sets the DC bias level for 
the filter section and must be 
tied to the system ground for 
split supply operation or to 
mid-supply for single supply 
operation (see Section 1 .2). 
When tied to mid-supply this 
pin should be well bypassed. 


Pin 

Pin 

Function 

# 

Name 

7,4 

v+, V- 

The positive and negative 

(7.12) 


supply pins. The total power 
supply range Is 4V, to 14V. 
Decoupling these pins with 

0.1 jliF capacitors is highly 
recommended. 

8 

FILTER 

The Input to the low-pass filter. 

(14) 

IN 

To minimize gain errors the 


source impedance that drives 
this input should be less than 
2k (see Section 3). For single 
supply operation the input 
signal must be biased to mid- 
supply or AC coupled through 
a capacitor. 

1.0 LMF40 Application Information 

The LMF40 is a non-inverting unity gain low-pass fourth-or- 
der Butterworth switched-capacitor filter. The switched-ca- 
pacitor topology makes the cutoff frequency (where the gain 
drops 3.01 dB below the DC gain) a direct ratio (100:1 or 
50:1) of the clock frequency supplied to the filter. Internal 
Integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the integrators. The 
clock-to-cutoff-frequency ratio (fcLk/y 's set by the ratio of 
the input and feedback capacitors In the Integrators. The 
higher the clock-to-cutoff-frequency ratio the closer this ap- 
proximation is to the theoretical Butterworth response. 

1.1 CLOCK INPUTS 

The LMF40 has a Schmitt-trigger inverting buffer which can 
be used to construct a simple R/C oscillator. Pin 3 is con- 
nected to V“, making Pin 2 a low impedance output. The 
oscillator’s frequency is nominally 


r/'vcc-v.-'i 

/'V,+ \1 


LVVcc-Vt+; 

Uf/J 

(1) 


which Is typically 

^ 1.37 RC (la) 

forVcc = 10V. 

Note that fQ|_K is dependent on the buffer’s threshold levels 
as well as the resistor/capacitor tolerance (see Figure 1 ). 
Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 

Where accurate cutoff frequency is required, an external 
clock can be used to drive the CLK R input of the LMF40. 
This input is TTL logic level compatible and also presents a 
very light load to the external clock source (~2 jllA). With 
split supplies and the level shift (L. Sh) tied to system 
ground, the logic level is about 2V. (See the Pin Description 
for L. Sh). 
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1.0 LMF40 Application information (Continued) 


1.2 POWER SUPPLY 

The LMF40 can be powered from a single supply or split 
supplies. The split supply mode shown in Figure 2 is the 
most flexible and easiest to implement. Supply voltages of 
±5V to ±7V enable the use of TTL or CMOS clock logic 
levels. Figure 3 shows AGND resistor-biased to V+/2 for 
single supply operation. In this mode only CMOS clock logic 
levels can be used, and input signals should be capacitor- 
coupled or biased near mid-supply. 


As an example, with a source impedance of 1 0 kfi the over- 
all gain would be: 

Ay = = 0.99009 or -0.086 dB 

^ 10 ka + 1 Ma 

Since the maximum overall gain error for the LMF40 is 
+ 0.05, -0.15 dB @ 25°C with Rs ^ 2 ka the actual gain 
error for this case would be -0.04 dB to -0.24 dB. 

1.4 CUTOFF FREQUENCY RANGE 


1.3 INPUT IMPEDANCE 

The LMF40 low-pass filter input (FILTER IN) is not a high 
impedance buffer input. This input is a switched-capacitor 
resistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the filter’s input can be seen in Figure 4. The input capacitor 
charges to V|n during the first half of the clock period; dur- 
ing the second half the charge is transferred to the feed- 
back capacitor. The total transfer of charge in one clock 
cycle is therefore Q = C|n V|n, and since current is defined 
as the flow of charge per unit time, the average input current 
becomes 

liN = Q/T 

(where T equals one clock period) or 

l|N AVE = — = C|N V|N fcLK 

The equivalent input resistor (R|n) then can be expressed 
as 


R - VlN _ 1 

l|N C|N fcLK 

The input capacitor is 2 pF for the LMF40-50 and 1 pF for 
the LMF40-100, so for the LMF40-100 


_ 1 X 1012 _ 1 X 1012 _ 1 X 1010 

JCLK ' Jc X 100 ' Jc 

and 


_ 5 X 1011 _ 5 X 1011 _ 1 X 1010 
fCLK ' fcX50 " fc 

for the LMF40-50. The above equation shows that for a 
given cutoff frequency (fc), the input resistance of the 
LMF40-50 is the same as that of the LMF40-100. The high- 
er the clock-to-cutoff-frequency ratio, the greater equivalent 
input resistance for a given clock frequency. 

This input resistance will form a voltage divider with the 
source impedance (Rsource)- Since R|n is inversely propor- 
tional to the cutoff frequency, operation at higher cutoff fre- 
quencies will be more likely to attenuate the input signal 
which would appear as an overall decrease in gain to the 
output of the filter. Since the filter’s ideal gain is unity, the 
overall gain is given by: 


Av = 


Rin 

R|N ^Source 


If the LMF40-50 or the LMF40-100 were set up for a cutoff 
frequency of 10 kHz the input impedance would be: 


Rin = 


1 X 1010 
10 kHz 


1 Ma 


The filter’s cutoff frequency (y has a lower limit due to 
leakage currents through the internal switches draining the 
charge stored on the capacitors. At lower clock frequencies 
these leakage currents can cause millivolts of error. For ex- 
ample: 


fCLK = 100 Hz, I Leakage = 
1 pA 


1 pF (100 Hz) 


1 pA, C = 1 pF 


= 10 mV 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors limit 
the filter’s accuracy at high clock frequencies. The ampli- 
tude characteristic on ±5V supplies will typically stay flat 
until fcLK exceeds 1.5 MHz and then peak at about 0.1 dB 
at the corner frequency with a 2 MHz clock. As supply volt- 
age drops to ±2.5V, a shift in the fcLk/^c ratio occurs which 
will become noticeable when the clock frequency exceeds 
500 kHz. The response of the LMF40 is still a good approxi- 
mation of the ideal Buttenvorth low-pass characteristic 
shown in Figure 5. 


2.0 Designing with the LMF40 

Given any low-pass filter specification, two equations will 
come in handy in trying to determine whether the LMF40 will 
do the job. The first equation determines the order of the 
low-pass filter required to meet a given response specifica- 

tion: 

_ log [( 10 ° ''^min - l)/(loO ''Amax _ i)] 

2log(fs/fb) (2) 

where n is the order of the filter, Amin is the minimum stop- 
band attenuation (in dB) desired at frequency fs, and Amax 'S 
the passband ripple or attenuation (in dB) at cutoff frequen- 
cy fb (Note 1 5). If the result of this equation is greater than 
4, more than one LMF40 will be required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn (f) = 10 log [1 + ( 10 ®-'^nnax _ l)(f/f|,)2n]dB (3) 

where n = 4 for the LMF40. 


2.1 A LOW-PASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 6 is 
given. Can the LMF40 be used? The order of the Butter- 
worth approximation will have to be determined using (1): 

Amin = 18 dB, Amax = 1-0 dB. fg = 2 kHz, and fb = 1 kHz 

_ log[(10l-8 - 1)/(100.1 - 1)] 

n — o.yo 

2 log(2) 

Since n can only take on integer values, n = 4. Therefore 
the LMF40 can be used. In general, if n is 4 or less a single 
LMF40 can be utilized. 
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2.0 Designing with the LMF40 (Continued) 

Likewise, the attenuation at fg can be found using (3) with 
the above values and n = 4: 

Attn (2 kHz) = 10 log[1 + 100-1 - 1) (2 kHz/1 kHz)8] 

= 18.28 dB 


This result also meets the design specification given in Fig- 
ure 6 again verifying that a single LMF40 section will be 
adequate. 


Since the LMF40’s cutoff frequency (y, which corresponds 
to a gain attenuation of -3.01 dB, was not specified in this 
example, it needs to be calculated. Solving equation (3) 
where f = fc as follows: 


[100.1(3.01 dB) - 1‘ 
~ (lO^-^'^max — 1) 


1/(2n) 


= 1 kHz 


100.301 - 1 
. 100.1 - 1 


1/8 


= 1.184 kHz 


where fc = fcLK /50 or fcLk/'lOO- To implement this exam- 
ple for the LMF40-50 the clock frequency will have to be set 
tofcLK = 50(1.184 kHz) = 59.2 kHz, or for the LMF40-100, 
fCLK = 100 (1.184 kHz) = 118.4 kHz. 


2.2 CASCADING LMF40s 

When a steeper stopband attenuation rate is required, two 
LMF40S can be cascaded YF/g'f//© 7) yielding an 8th order 
slope of 48 dB per octave. Because the LMF40 Is a Butter- 
worth filter and therefore has no ripple in its passband, 
when LMF40S are cascaded the resulting filter also has no 
ripple in its passband. Likewise the DC and passband gains 
will remain at 1 V/V. The resulting response is shown In Fig- 
ure 8a. 

In determining whether the cascaded LMF40s will yield a 
filter that will meet a particular amplitude response specifi- 
cation, as above, equations (4) and (5) can be used, shown 
below. 

_ log[(10,° °®^min - i)/(io0.05Amax _ i)] 

" “ 2log(fs/fb) (4) 

Attn (f) = 10 log [1 + (I 0 ® °®*n>ax _ i) (f/yajdB (5) 
where n = 4 (the order of each filter). 


Equation (4) will determine whether the order of the filter is 
adequate (n ^ 4) while equation (5) can determine the actu- 
al stopband attenuation and cutoff frequency (y necessary 
to obtain the desired frequency response. The design pro- 
cedure would be Identical to the one shown in Section 2.0. 

2.3 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The LMF40 responds well to an instantaneous change in 
clock frequency. If the control signal In Figure 9 is low the 
LMF40-50 has a 100 kHz clock making f© = 2 kHz; when 
this signal goes high the clock frequency changes to 50 kHz 
yielding fc = 1 kHz. As Figure 9 illustrates, the output signal 
changes quickly and smoothly in response to a sudden 
change in clock frequency. 

The step response of the LMF40 in Figure 10 is dependent 
on fc. The LMF40 responds as a classical fourth-order But- 
tenvorth low-pass filter. 

2.4 ALIASING CONSIDERATIONS 

Aliasing effects have to be considered when input signal 
frequencies exceed half the sampling rate. For the LMF40 
this equals half the clock frequency (fcLK)- When the input 
signal contains a component at a frequency higher than half 
the clock frequency fcLK/2, as in Figure 1 la, that compo- 
nent will be “reflected” about fcLK/2 into the frequency 
range below fcLK/2, as In Figure 1 1b. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore, if frequency cbmpo- 
nents in the input signal exceed fQi k/ 2 they must be attenu- 
ated before being applied to the LMF40 input. The neces- 
sary amount of attenuation will vary depending on system 
requirements. In critical applications the signal components 
above fcLK/2 will have to be attenuated at least to the fil- 
ter’s residual noise level. 



1 


RC 


1 


1.37 RC 
(Vcc = 10V) 
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2.0 Designing with the LMF40 (Continued) 



FIGURE 2. Split Supply Operation with CMOS Level Clock (a), and TTL Level Clock (b) 



TL/H/10557-10 

FIGURE 3. Single Supply OperationVAGND Resistor Biased to 



TL/H/10557-11 TL/H/10557-12 

a) Equivalent Circuit for LMF40 Filter Input b) Actual Circuit for LMF40 Filter Input 

FIGURE 4. LMF40 Filter Input 
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FIGURE 5a. LMF40-100 Amplitude 
Response with ± 5V Supplies 
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TL/H/ 10557- 14 

FIGURE 5b. LMF40-50 Amplitude 
Response with + 5V Supplies 
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FIGURE 5c. LMF40-100 Amplitude 
Response with ± 2.5V Supplies 
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FIGURE 5d. LMF40-50 Amplitude 
Response with + 2.5V Supplies 
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FIGURE 6. Design Example Magnitude Response 
Specification. The response of the filter design 
must fall within the shaded area of the specification. 
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2.0 Designing with the LMF40 (Continued) 



TL/H/1 0557-1 8 
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FIGURE 8a. One LMF40-50 
vs Two LMF40-50S Cascaded 
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FIGURE 8b. Phase Response 
of Two Cascaded LMF40-50s 
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2.0 Designing with the LMF40 (Continued) 



FREQUENCY 


TL/H/1 0557-22 

(a) Input Signal Spectrum 



FREQUENCY 

TLm/1 0557-23 

(b)Output Signal Spectrum. Note that the input signal at 
fs/2 + f causes an output signal to appear at fs/2 - f. 


FIGURE 11. The phenomenon of aliasing in sampled-data systems. An input signal whose 
frequency is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the LMF40, fs = fcLK* 
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tional Semiconductor 


LMF60 High Performance 
6th-Order Switched Capacitor 
Butterworth Lowpass Fiiter 


General Description 

The LMF60 is a high performance, precision, 6th-order But- 
terworth lowpass active filter. It is fabricated using Nation- 
al’s LMCMOS process, an improved silicon-gate CMOS pro- 
cess specifically designed for analog products. Switched- 
capacitor techniques eliminate external component require- 
ments and allow a clock-tunable cutoff frequency. The ratio 
of the clock frequency to the low-pass cutoff frequency is 
internally set to 50:1 (LMF60-50) or 100:1 (LMF60-100). A 
Schmitt trigger clock Input stage allows two clocking op- 
tions, either self-clocking (via an external resistor and ca- 
pacitor) for stand-alone applications, or for tighter cutoff fre- 
quency control, a TTL or CMOS logic compatible clock can 
be directly applied. The maximally flat passband frequency 
response together with a DC gain of 1 V/V allows cascading 
LMF60 sections for higher-order filtering. In addition to the 
filter, two independent CMOS op amps are included on the 
die and are useful for any general signal conditioning appli- 
cations. The LMF60 is pin- and functionally-compatible with 
the MF6, but provides improved performance. 


Features 

0 Cutoff frequency range of 0.1 Hz to 30 kHz 
B Cutoff frequency accuracy of ±1.0%, maximum 
B Low offset voltage ±100 mV, maximum, ±5V supply 
B Low clock feedthrough of 1 0 mVp_p, typical 
B Dynamic range of 88 dB, typical 
B Two uncommitted op amps available 
B No external components required 
B 14-pin DIP or 14-pin wide-body S.O. package 
B Single/Dual Supply Operation: 

+ 4Vto +14V (±2Vto ±7V) 

B Cutoff frequency set by external or internal clock 
B Pin-compatible with the MF6 

Applications 

B Communication systems 
m Audio filtering 
B Anti-alias filtering 
m Data acquisition noise filtering 
m Instrumentation 
m High-order tracking filters 


Block and Connection Diagrams 


FILTER 



Ail Packages 


N. INV2 — 

u 

1 ^ 14 

— INV2 

Vb2 — 

2 

13 

— INV1 

FILTER ^ 
OUT 

3 

12 

— LSh 

Vbl~ 

4 

11 

— CLKR 

AGND— i 

5 

10 

-V- 

V+ — 

6 

9 

^CLK 

IN 

VosADJ — 

7 

8 

_RUER 

IN 


TL/H/9294-2 

Top View 

Order Number LMF60CMJ-50, 
(5962-9096 701 MCA or 
LMF60CMJ50/883), 
LMF60CMJ-100, or 
(5962-9096 702MCA 
or LMF60CMJ 100/883) 

See NS Package Number J14A 

Order Number LMF60CIWM-50 
or LMF60C1WM-100 
See NS Package Number M14B 

Order Number LMF60CIN-50 
or LMF60CIN-100 
See NS Package Number N14A 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, Soldering Information: 

please contact the National Semiconductor Sales • N Package: 10 sec. 260°C 

Office/Distributors for availability and specifications. • j Package: 1 0 sec. 300°C 

Supply Voltage (V^ - V“) (Note 2) 15V* SO Package: Vapor Phase (60 sec.) 21 5“C 

Voltage at Any Pin V^ + 0.2V Infrared (1 5 sec.) (Note 6) 220®C 

V“ - 0.2V 

Input Current at Any Pin (Note 3) 5 mA OpBrStlPQ RStifigS (Note 1) 

Package Input Current (Note 3) 20 mA Temperature Range Tmih ^ Ta ^ Tmhx 

n *• /K. * LMF60CIN-50, LMF60CIN-100 

Power Dissipation (Note 4) 500 mW LMF60CIJ.50. IMFSOCIJ-IOO, 

Storage Temperature -65®C to + 1 50“C LMF60CIWM-50, 

BSD Susceptibility (Note 5) 2000V LMF60CIWM-1 00 -40"C ^ Ta ^ + 85“C 

CLKINPin 1700V LMF60CMJ-50, LMF60CMJ-100, 

LMF60CMJ50/883, 

LMF60CMJ1 00/883 -55"C ^ Ta ^ + 125“C 

Supply Voltage (V^ - V“) 4Vto14V 

Filter Electrical Characteristics 

The following specifications apply for fcLK = 500 kHz (Note 7) unless otherwise specified. Boldface limits apply for Ta = Tj 
“ Tmin to Tmaxi QII other limits Ta = Tj = 25®C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 

(Notes) 

Units 

(Limits) 

V+ = +5V,V“ = -5V 

fCLK 

Clock Frequency Range 
(Note 1 6) 


5 

1.5 

Hz (Min) 
MHz (Max) 

Is 

Total Supply Current 



7.0 / 12.0 

mA (Max) 


Clock Feedthrough 

V|N = OV Filter 
Opamp 

10 

5 


mVp-p 

mVp-p 

Ho 

DC Gain 

Hsource ^ 2 kft 


0.10 / 0.10 

-0.26 / -0.30 

dB (Max) 
dB (Min) 

fCLK/^C 

Clock to LMF60-50 

Cutoff 

Frequency LMF60-100 

Ratio (Note 10) 



49.00 ±0.8% /49.00 ± 1.0% 

98.10 ±0.8% /98.10 ± 1.0% 

(Max) 

(Max) 


Temperature Coefficient 
offcLK/fc 


4 


ppm/“C 

Amin 

Stopband Attenuation 

At2 X fc 


36 

dB(Min) 

Vos 

DC Offset LMF60-50 

Voltage LMF60-100 



±100 

±150 

mV (Max) 
mV (Max) 

VOUT 

Output Voltage 

Swing (Note 2) 



+ 3.9 / +3.7 

-4.2 / -4.0 

V (Min) 
V(Max) 


Output Short Circuit 

Current (Note 11) 

Source 

Sink 

90 

2.2 


mA 

mA 


Dynamic Range 
(Note 12) 


88 


dB 


LMF60-50 

Magnitude 

Response 

Test Points LMF60-100 

(Note 13) 

HBI 


-9.45 ±0.46 7-9.45 ±0.50 

dB 


-0.87 ±0.16 /-0.87 ±0.20 

dB 



- 9.30 ± 0.46 / - 9.30 ± 0.50 

dB 


-0.87 ±0.16 /-0.87 ±0.20 

dB 
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Filter Electrical Characteristics (continued) 

The following specifications apply for fcLK 250 kHz (Note 7) unless othenrt/ise specified. Boldface limits apply for Ta = Tj 
= Tmin to Tmax; all other I'lTriits Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

V+ = +2.5V,V- = -2.5V 

tCLK 

Clock Frequency Range 
(Note 16) 


5 

750 

Hz (Min) 
kHz (Max) 

Is 

Total Supply Current 



5.0 / 6.5 

mA (Max) 


Clock Feedthrough 
(Peak to Peak) 

V|N = OV Filter 
Opamp 

6 

3 


mV 

mV 

Ho 

DC Gain (with 

Hsource ^ 2 kH) 

fcLK = 250 kHz 


0.10 / 0.10 

-0.26 / -0.30 

dB (Max) 
dB (Min) 

fcLK = 500 kHz 

-0.08 


dB 

tCLK/tc 

LMF60-50 

Cutoff 

Frequency 

Ratio LMF60-100 

(Note 10) 

fcLK = 250 kHz 


49.00 ±0.8% /49.00 ± 1.0% 

(Max) 

fcLK = 500 kHz 

49.00 ±0.6% 



fCLK = 250 kHz 


98.10 ±0.8% /98.10 ± 1.0% 

(Max) 

fCLK = 500 kHz 

98.10 ±0.6% 




Temperature Coefficient 
of fCLK/tc 




ppm/°C 

Amin 

stopband Attenuation 

At2 X fc 


36 

dB (Min) 

Vos 

DC Offset LMF60-50 

Voltage LMF60-100 



±60 

±90 

mV (Max) 
mV (Max) 

VOUT 

Output Voltage 

Swing (Note 2) 

Rl = 5 kft 


±1.4 / ±1.2 

-2.0 / -1.8 

V (Max) 

V (Min) 

isc 

Output Short Circuit 

Current (Note 11) 

Source 

Sink 

42 

0.9 


mA 

mA 


Dynamic Range 


81 


- dB 


(Note 12) 





Additional , 

LMF60-50 

Magnitude 

Response 

Test Points LMF60-100 

(Note 13) 

flN = 6 kHz 

flN = 4.5 kHz 


-9.45 ± 0.46 /-9.45 ±0.50 

dB 


-0.87 ±0.16 /-0.87 ±0.20 

dB 

flN = 3 kHz 

flN = 2.25 kHz 


-9.30 ± 0.46 /-9.30 ±0.50 

dB 


-0.87 ±0.16 /-0.87 ±0.20 

dB 
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Op Amp Electrical Characteristics 

Boldface limits apply for Ta = Tj = Tmin *0 Tmax; other limits Ta = Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

V+ = +5V,V" = -5V 

Vos 

Input Offset Voltage 



±20 

mV (Max) 

•b 

Input Bias Current 


10 


pA 

CMRR 

Common Mode Rejection 
Ratio (Op Amp #2 Only) 

Test Input Range = 
-2.2V to + 1.8V 


55 

dB 

Vo 

Output Voltage Swing 

Rl = 5 kft 


3.8 / 3.6 

-4.2 / - 4.0 

V (Min) 
V(Max) 

isc 

Output Short Circuit 

Current (Note 1 3) 

Source 

Sink 

90 

2.1 


mA 

mA 

SR 

Slew Rate 


4 


V/jLLS 

AvOL 

DC Open Loop Gain 


80 


dB (Min) 

GBW 

Gain Bandwidth Product 


2.0 


MHz 

V+ = + 2.5V, V“ = -2.5V 

Vos 

Input Offset Voltage 



±20 

mV (Max) 


Input Bias Current 


10 


pA 

CMRR 

Common Mode Rejection 
Ratio (Op Amp #2 Only) 

Test Input Range = 
-0.9V to +0.5V 


55 

dB 

Vo 

Output Voltage Swing 

Rl = 5 kft 


1.3 / 1.1 

-1.8 / - 1.6 

V(Min) 

V(Max) 

•sc 

Output Short Circuit 

Current (Note 13) 

Source 
, Sink 

42 

0.9 


mA 

mA 

SR 

Slew Rate 


3 


V/jms 

AvOL 

DC Open Loop Gain 


74 


dB (Min) 

GBW 

Gain Bandwidth Product 

- 

2.0 


MHz 

Logic Input-Output Characteristics 

The following specifications apply for V“ = OV (Note 15), LSh = OV unless othenvise specified. Boldface limits apply for Ta 
= Tj = Twin to Tmax; all other limits Ta = Tj = 25°C. 


Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

TTL CLOCK INPUT, CLK R PIN (NOTE 14) 

V|H 

V|L 

TTL Input Logical “1" 

Voltage Logical “0” 

V+ = -1-5V,V = -5V 


2.0 

0.8 

V (Min) 

V (Max) 

V|H 

V(L 

CLK R Input Logicar‘1” 

Voltage Logical “0” 

V+ = +2.5V,V“ = -2.5V 


2.0 

0.6 / 0.4 

V (Min) 
V(Max) 


Maximum Leakage 

Current at CLK R 


2.0 


fxA 
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Logic Input-Output Characteristics (Continued) 

The following specifications apply for V“ = OV (Note 15), LSh = OV unless otherwise specified. Boldface limits apply for Ta 
= Tj = Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 8) 

Limits 
(Note 9) 

Units 

(Limits) 

SCHMITT TRIGGER 

Vt+ 

Positive Going Input 

Threshold Voltage 

V+ = 10V 


6.1 / 6.0 

8.8 / 8.9 

V (Min) 
V(Max) 

V+ = 5V 


3.0 / 2.9 

4.3 / 4.4 

V (Min) 

V (Max) 

Vt- 

Negative Going Input 

Threshold Voltage 

V+ = 10V 


1.4 / 1.3 

3.8 / 3.9 

V (Min) 

V (Max) 

V+ = 5V 


0.7 / 0.6 

1.9 / 2.0 

V (Min) 
V(Max) 

Vt+ -Vt- 

Hysteresis 

V+ = 10V 


2.3 / 2.1 

7.4 / 7.6 

V (Min) 
V(Max) 

V+ = 5V 


1.1 / 0.9 

3.6 / 3.8 

V (Min) 
V(Max) 

VoH 

Logical “1” Voltage 
lo= -lOjuA.Pinll 

V+ = +10V 

V+ = +5V 


9.1 / 9.0 

4.6 / 4.5 

V (Min) 

V (Min) 

VoL 

Logical “0” Voltage 
lo = -10 /xA, Pin 11 

V+ = +10V 

V+ = +5V 


0.9 / 1.0 

0.4 / 0.5 

V(Max) 

V(Max) 

ISOURCE 

Output Source 

Current, Pin 1 1 

CLKRtoV 

V+ = +10V 

V+ = +5V 


4.9 / 3.7 

1.6 / 1.2 

mA(Min) 
mA (Min) 

ISINK 

Output Sink 

Current, Pin 1 1 

CLKRtoV+ 

V+ = +10V 

V+ = +5V 


4.9 / 3.7 

1.6 / 1.2 

mA (Min) 
mA (Min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. Specified Electrical Characteristics do not apply when operating the device outside its specified conditions. 


Note 2rAII voltages are measured with respect to AGND, unless otherwise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V“ or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with 5 mA to four. 

Note 4: The Maximum power dissipation must be derated at elevated temperatures and Is dictated by Tj ^ax. ^ja. and the ambient temperature Ta- The maximum 
allowable power dissipation is PD = (Tj Max “ Ta)/®ja of the number given in the absolute ratings, whichever is lower. For this device, Tj Max = 125'’C, and the 
typical junction-to-ambient thermal resistance of the LMF60CCN when board mounted is 67“C/W. For the LMF60CIJ this number decreases to 62'’C/W. For the 
LMF60CIWM, 0JA = 78”C/W. 

Note 5: Human body model: 1 00 pF discharged through a 1 .5 kfl resistor. 

Note 6: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any current Linear Databook 
for other methods of soldering surface mount devices. 

Note 7: The specifications given are for a clock frequency (fcLK) of 500 kHz at +5V and 250 kHz at ±2.5V. Above this frequency, the cutoff frequency begins to 
deviate from the specified error band over the temperature range but the filter still maintains its amplitude characteristics. See application hints. 

Note 8: Typicals are at 25'’C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s Average Outgoing Quality Level (AOQL). 

Note 10: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 11: The short circuit source current is measured by forcing the output to its maximum positive swing and then shorting that output to the negative supply. The 
short circuit sink current is measured by forcing the output being tested to its maximum negative voltage and then shorting that output to the positive supply. These 
are worst case conditions. 

Note 12: For ±5V supplies the dynamic range is referenced to 2.62 Vrms (3.7V peak), where the wideband noise over a 20 kHz bandwidth is typically 100 jaV. For 
±2.5V supplies the dynamic range is referenced to 0.849 Vrms (t -^V peak), where the wideband noise over a 20 kHz bandwidth is typically 75 /xVpms- 
Note 13: The filter’s magnitude response is tested at the cutoff frequency, fc, at f|N = 2 fc, and at these two additional frequencies. 

Note 14: The LMF60 is operated with symmetrical supplies and LSh is tied to GND. 

Note 15: For simplicity all the logic levels (except for the TTL input logic levels) have been referenced to V“ = OV. The logic levels will scale accordingly for ±5V 
and ±2.5V supplies. 

Note 16: The nominal ratio of the clock frequency to the low-pass cutoff frequency is internally set to 50-to-1 (LMF60-50) or 100-to-1 (LMF60-100). 



7-23 


LMF60 



LMF60 



7-24 





7-25 


LMF60 




NEGATIVE VOLTAGE SWING (V) 


Typical Performance Characteristics (Continued) 


Negative Voltage Swing 
vs Temperature 


I Rl = 5V 
‘fcLK = 500kHz 


-55 -15 25 65 105 

TEMPERATURE (OC) 





I 



Vss=5\ 

F 













Vs = 10 

IV 










CLK R Trigger Threshold 
vs Power Supply Voltage 


4 6 8 10 12 14 

POWER SUPPLY VOLTAGE (V) 


Schmitt Trigger Threshold 
vs Power Supply Voltage 



4 6 8 10 12 14 

POWER SUPPLY VOLTAGE (V) 


Crosstalk from Filter 
to Op Amps 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Crosstalk from Either 
Op Amp to Filter 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage of Op Amps 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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Crosstalk Test Circuits 


From Filter to Op-Amps 


20 Hz -20 kHz 
IV RMS 
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From Either Op-Amp to Filter Output 




TL/H/9294-7 


Pin Description (Pin Numbers) 

Description 

The output of the lowpass filter will typi- 
cally swing to within 1V of each supply 
rail. 

The input to the lowpass filter. To mini- 
mize gain errors the source impedance 
th at dri ves this input should be less than 
2k (See Section 1.4). For single supply 
operation the input signal must be bi- 
ased to mid-supply or AC coupled. 

This pin is used to adjust the DC offset 
of the filter output; if not used it must be 
tied to the AGND potential. (See Section 
1.3) 

The analog ground pin. This pin sets the 
DC bias level for the filter section and 
the noninverting input of Op-Amp #1 
and must be tied to the system ground 
for split supply operation or to mid-sup- 
ply for single supply operation (See Sec- 
tion 1.2). When tied to mid-supply this 
pin should be well bypassed. 

Voi is the output and IN VI Is the invert- 
ing input of Op-Amp # 1 . The non-invert- 
ing input of this Op-Amp is internally 
connected to the AGND pin. 

Vo 2 is the output, INV2 is the inverting 
input, and NINV2 is the non-inverting in- 
put of Op-Amp #2. 

The positive and negative supply pins. 
The total power supply range is 4V to 
14V. Decoupling these pins with 0.1 jaF 
capacitors is highly recommended. 


Description 

A CMOS Schmitt-trigger input to be 
used with an external CMOS logic level 
clock. Also used for self-clocking 
Schmitt-trigger oscillator (See Section 
1 . 1 ). 

A T TL logic level c lock input wh e n in 
split supply operation ( ± 2V to ± 7V) and 
L. Sh tied to system ground. This pin be- 
comes a low impedance output when 
L.Sh is tied to V~. Also used In conjunc- 
tion with the CLK IN pin for self clocking 
Schmitt-trigger oscillator (See Section 
1 . 1 ). 

LSh (12) Level shift pin, selects the logic thresh- 

old levels for the desired clock. When 
tied to V- it enables an internal TRI- 
STATE® buffer stage between the 
Schmitt trigger and the internal clock 
level shift stage thus enabling the CLK 
IN Schmitt-trigger input and making the 
CLK R pin a low Impedance output. 
When the voltage level at this input ex- 
ceeds [25% (V+ - V-) + V"] the in- 
ternal TRI-STATE® buffer is disabled al- 
lowing the CLK R pin to become the 
clock input for the internal clock level 
shift stage. The CLK R threshold level is 
now 2V above the voltage applied to the 
L.Sh pin. Driving the CLK R pin with TTL 
logic levels can be accomplished 
through the use of split supplies and by 
tying the L.Sh pin to system ground. 


Pin 

FILTER OUT (3) 


FILTER IN (8) 


VosADJ (7) 


AGND (5) 


Voi (4), 
INV1 (13) 


Vo2(2), 

INV2 (14), 
NINV2 (1) 

V+ (6), V- (10) 


Pin 

CLK IN (9) 


CLK R (1 
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1.0 LMF60 Application Hints 

The LMF60 is comprised of a non-inverting unity gain low- 
pass sixth-order Butterworth switched capacitor filter sec- 
tion and two undedicated CMOS Op-Amps. The switched- 
capacitor topology makes the cutoff frequency (where the 
gain drops 3.01 dB below the DC gain) a direct ratio (100:1 
or 50:1) of the clock frequency supplied to the lowpass filter. 
Internal integrator time constants set the filter’s cutoff fre- 
quency. The resistive element of these integrators Is actual- 
ly a capacitor which is “switched” at the clock frequency 
(for a detailed discussion see input Impedance section). 
Varying the clock frequency changes the value of this resis- 
tive element and thus the time constant of the integrators. 
The clock to cutoff frequency ratio (fcLk/^c) is set by the 
ratio of the Input and feedback capacitors in the integrators. 
The higher the clock to cutoff frequency ratio (or the sam- 
pling rate) the closer the approximation is to the theoretical 
Butterworth response. The LMF60 is available in fcLk/^C 
ratios of 50:1 (LMF60-50) or 100:1 (LMF60-100). 

1.1 CLOCK INPUTS 

The LMF60 has a Schmitt-trigger inverting buffer which can 
be used to construct a simple R/C oscillator. The oscillator 


frequency is dependent on the buffer’s threshold levels as 
well as on the resistor/capacitor tolerance (See Figure 1 ). 
Schmitt-trigger threshold voltage levels can vary significant- 
ly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 

Where accuracy in fc is required an external clock can be 
used to drive the CLK R input of the LMF60. This input is 
TTL logic level compatible and also presents a very light 
load to the external clock source (~2 jutA) with split sup- 
plies and LSh tied to system ground. The logic level is pro- 
grammed by the voltage applied to level shift (L.Sh) pin (See 
the Pin Description for L.Sh pin). 

1.2 POWER SUPPLY BtASING 

The LMF60 can be biased from a single supply or dual split 
supplies. The split supply mode shown in Figures 2 and 3 is 
the most flexible and easiest to implement. As discussed 
earlier split supplies, ± 2V to ± 7V, will enable the use of 
TTL or CMOS clock logic levels. Figure 4 shows two 
schemes for single supply biasing. In this mode only CMOS 
clock logic levels can.be used. 



^CLK = 


1 


RC In 


r f Vcc - Vt- 
L Wcc - Vt+ 



Typically for Vcc = V+ - V = 10V: 

^ 1.37 RC 
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1.0 LMF60 Application Hints (Continued) 

If the LMF60-50 or the LMF60-100 were set up for a cutoff 
frequency of 10 kHz the input impedance would be: 

1 X 1010 


In this example with a source impedance of 10k the overall 
gain, if the LMF60 had an ideal gain of 1 (0 dB) would be: 

Av = — ■ , — = 0.99009 (-86.4 mdB) 

lOkn + IMft 

Since the maximum overall gain error for the LMF60 is +0.1 
dB, -0.3 dB with a Rs ^ 2 kn the actual gain error for this 
case would be +0.21 dB to -0.39 dB. 

1.5 CUTOFF FREQUENCY RANGE 

The filter’s cutoff frequency (fc) has a lower limit caused by 
leakage currents through the internal switches discharging 
the stored charge on the capacitors. At lower clock frequen- 


cies these leakage currents can cause millivolts of error, for 
example: 

^CLK = 100 Hz, IleaKAGE = 1 pA, C = 1 pF 

V = — = 

1 pF(100 Hz) 

The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors in- 
creases as the LMF60 power supply voltage decreases. 
This causes a shift In the fcLk/lc '’at'o which will become 
noticeable when the clock frequency exceeds 500 kHz. The 
amplitude characteristic will stay within tolerance until fcLK 
exceeds 750 kHz and will peak at about 0.4 dB at the cutoff 
frequency with a 2 MHz clock. The response of the LMF60 
is still a reasonable approximation of the ideal Butterworth 
lowpass characteristic as can be seen in Figure 7. 



50 500 

100 Ik 


5k 50k 500k 

10k 100k 1M 





50 500 

100 Ik 


5k 50k 500k 

10k 100k 1M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FIGURE 7a. LMF60-100 ±5V Supplies 
Amplitude Response 


FIGURE 7b. LMF60-50 ±5V Supplies 
Ampiitude Response 


hjrSMHz 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



50 500 

100 Ik 


5k 50k 500k 

10k 100k 1M 


FREQUENCY (Hz) 


FIGURE 7c. LMF60-100 ± 2.5V Supplies 
Ampiitude Response 


FIGURE 7d. LMF60-50 + 2.5V Supplies 
Amplitude Response 
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1.0 LMF60 Application Hints (Continued) 
1- INV2 


+5.0V 

o-t 


o.i/iFIIi 


VqsADJ 




1 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


hlNVI 

L.Sh 


CLKR 

V 


FILTER 

IN 


N.INV2' 
Vo2‘ 
FILTER OUT- 

Voi. 




+5.0V 

0-0 


0.1 ;iF 


0.1mfE4 


VqsADJ 



TIT — 

1 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


I-INV1 

LSh 


FILTER 
IN 


X 


<-ruio; 

o -5.0V 


0.1;iF 


“ “ TL/H/9294-9 

FIGURE 2. Dual Supply Operation LMF60 Driven with 
CMOS Logic Level Clock (V|h ^ V+ - 0.3 Vs and 
V|L ^ V- + 0.3 Vs where Vs = V+ - V") 


■=• *=• TL/H/9294-10 

FIGURE 3. Dual Supply Operation 
LMF60 Driven with TTL Logic Level Clock 




lOV 

ov 


TL/H/9294-12 
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1.0 LMF60 Application Hints (Continued) 


20 kH 5k£L 20kfl 

V-O-AA/V- — V\A< WA/— O V+ 


P FILTER IN P VosADJ P 


6TH-0RDER 

BUHERWORTH 

FILTER 


(a) 


TL/H/9294-13 



FIGURE 5. Vqs Adjust Schemes 


1.3 OFFSET ADJUST 

The VqsADJ pin is used in adjusting the output offset level 
of the filter section. If this pin is not used it must be tied to 
the analog ground (AGND) level, either mid-supply for single 
ended supply operation or ground for split supply operation. 
This pin sets the zero reference for the output of the filter. 
The implementation of this pin can be seen in Figure 5. In 
5(a) DC offset is adjusted using a potentiometer; in 5(b) the 
Op-Amp integrator circuit keeps the average DC output lev- 
el at AGND. The circuit in 5(b) is therefore appropriate only 
for AC-coupled signals and signals biased at AGND. 


1.4 INPUT IMPEDANCE 


The LMF60 lowpass filter input (FILTER IN pin) is not a high 
impedance buffer input. This input is a switched capacitor 
resistor equivalent, and Its effective impedance is inversely 
proportional to the clock frequency. The equiv^hrcircult of 
the input to the filter can be seen in Figure 6. The input 
capacitor charges to the input voltage (V|n) during one half 
of the clock period, during the second half the charge is 
transferred to the feedback capacitor. The total transfer of 
charge in one clock cycle is therefore Q = C|nVin, and 
since current Is defined as the flow of charge per unit time 
the average input current becomes 


llN = Q/T 

(where T equals one clock period) or 



C|nV|N 

T 


= C|NV|NfcLK 


The equivalent input resistor (R|n) then can be defined as 
Rin = V|n/Iin = ff ~4 — 

ClN'CLK 

The input capacitor is 2 pF for the LMF60-50 and 1 pF for 
the LMF60-1 00, so for the LMF60-1 00 


R|N = 

1 X 1012 

1 X 1012 

1 X 1010 

fCLK 

fc X 100 

fc 

Rin = 

5 X 1011 

5 X 1011 _ 

1 X 1010 

^CLK 

fc X 50 

fc 


for the LMF60-50. As shown in the above equations, for a 
given cutoff frequency (fc) the input Impedance remains the 
same for the LMF60-50 and the LMF60-100. The higher the 
clock to cutoff frequency ratio, the greater equivalent input 
resistance for a given clocic frequencyrAs the cutoff fre^“ 
quency increases the equivalent Input impedance decreas- 
es. This input resistance will form a voltage divider with the 
source impedance (Rsource)- Since R|n is inversely pro- 
portional to the cutoff frequency, operation at higher cutoff 
frequencies will be more likely to load the input signal which 
would appear as an overall decrease in gain at the output of 
the filter. Since the filter’s ideal gain is unity, Its overall gain 
is given by: 

Av 

Rin + Rsource 



TL/H/9294-16 

b) Actual Circuit for LMF60 Filter Input 
FIGURE 6. LMF60 Filter Input 
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2.0 Designing with the LMF60 

Given any lowpass filter specification, two equations will 
come In handy in trying to determine whether the LMF60 will 
do the job. The first equation determines the order of the 
lowpass filter required: 

^ log (10° ^^Min - 1) - log(10° ''^Max - p 
" 2 log (fs/fb) 

where n is the order of the filter, Amih is the minimum stop- 
band attenuation (in dB) desired at frequency fg, and Amhx is 
the passband ripple or attenuation (in dB) at frequency fb- If 
the result of this equation is greater than 6, then more than 
a single LMF60 is required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn(f) = 10 log[1 + - 1) (f/y2n]dB (2) 

where n = 6 (the order of the filter). 

2.1 A LOWPASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 8 is 
given. Can the LMF60 be used? The order of the Butter- 
worth approximation will have to be determined using eq. 1 : 
AMin = 30 cIB, A^ax = 1-0 dB, fs = 2 kHz, and fb = 1 kHz 

_ log(103 - 1) - log(100.i - 1) 

^ ~ ^ 5.96 

2 log(2) 

Since n can only take on integer values, n = 6. Therefore 
the LMF60 can be used. In general, if n Is 6 or less a single 
LMF60 stage can be utilized. 

Likewise, the attenuation at fg can be found using equation 
2 with the above values and n = 6 giving: 

Atten (2 kHz) = 10 log [1 + (100-1 - 1) (2/1)12] 

= 30.26 dB 

This result also meets the design specification given in Fig- 
ure 8 again verifying that a single LMF60 section will be 
adequate. 



FREQUENCY (Hz) 

TL/H/9294-21 

FIGURE 8. Design Example Magnitude Response 
Specification Where the Response of the Filter Design 
Must Fali Within the Shaded Area of the Specification 


Since the LMFGO’s cutoff freqency fc, which corresponds to 
a gain attenuation of -3.01 dB, was not specified in this 
example it needs to be calculated. Solving equation 2 where 
f = fc as follows: 


fc = fb 


= 1 


n00.1(3.01dB)-1) 1,,„„, 

[ (io“-lAMax- 1) J 
/' 100301 - 1 V/12 
V 100-1 - 1 / 


= 1.119kHz 


where fc = fcLK^SO orfcLK/100- 


To implement this example for the LMF60-50 the clock fre- 
quency will have to be set to fcLK = 50(1.119 kHz) = 
55.95 kHzorfortheLMF60-100fcLK = 100(1.119 kHz) = 
111.9 kHz 

2.2 CASCADING LMF60s 

In the case where a steeper stopband attenuation rate is 
required two LMFSO’s can be cascaded (Figure 9) yielding a 
12th order slope of 72 dB per octave. Because the LMF60 
is a Butterworth filter and therefore has no ripple in its pass- 
band, when LMF60’s are cascaded the resulting filter also 
has no ripple in its passband. Likewise the DC and pass- 
band gains will remain at 1V/V. The resulting response is 
shown in Figure 10. 

In determining whether the cascaded LMFSO’s will yield a 
filter that will meet a particular amplitude response specifi- 
cation, as above, equations 3 and 4 can be used, shown 
below. 

_ log (10° °®^min - 1) - log(10° °^AMax - 1) 

" 2 log (fs/fb) 

Attn(f) = 10 log[1 + - 1) (f/fb)2n] dB (4) 

where n = 6 (the order of each filter). 

Equation 3 will determine whether the order of the filter is 
adequate (n ^ 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (fc) is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in Section 2.1. 

2.3 IMPLEMENTING A “NOTCH” FILTER WITH THE 
LMF60 

A “notch” filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps available in the LMF60 and three 
external resistors. The circuit and amplitude response are 
shown in Figure 1 1. 

The frequency where the “notch” will occur is equal to the 
frequency at which the output signal of the LMF60 will have 
the same magnitude but be 1 80 degrees out of phase with 
Its Input signal. For a sixth order Butterworth filter 180“ 
phase shift occurs where f = fp = 0.742 fc- The attenua- 
tion at this frequency is 0.12 dB which must be compensat- 
ed for by making Ri = 1.014 x R2. 

Since R-| does not equal R2 there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < fp), the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the input signal through the Op-Amp yields an overall gain 
of two or + 6 dB. For f > fp, the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With R3 = Ri = 1.014 
R2 the overall gain is 0.986 or -0.12 dB at frequencies 
above the notch. 
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2.0 Designing with the LMF60 (Continued) 



TL/H/9294-25 



10 50 100 500 IK 

FREQUENCY (Hz) 

TL/H/9294-26 

FIGURE 11b. LMF60-50 “Notch” Filter Amplitude Response 
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2.0 Designing with the LMF60 (Continued) 

2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The LMF60 will respond well to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (fc) cycles. As shown in Figure 12, if the 
control signal is low the LMF60-50 has a 100 kHz clock 
making fc = 2 kHz; when this signal goes high the clock 
frequency changes to 50 kHz yielding 1 kHz fc- 
The transient response of the LMF60 seen in Figure 13 is 
also dependent on the fc and thus the fcLK applied to the 
filter. The LMF60 responds as a classical sixth order Butter- 
worth lowpass filter. 



flM = 1.5 kHz (Scope Time Base = 2 ms/Div) 

FIGURE 12. LMF60-50 Abrupt Clock Frequency Change 
2.5 ALIASING CONSIDERATIONS 

Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the LMF60 this equals half the clock frequency JfcLKk 
When the input signal contains a component at a frequency 
higher than half the clock frequency, as in Figure 14a, that 


component will be “reflected” about fcLK^^ into the fre- 
quency range below fcLK/2 as in Figure 14b. If this compo- 
nent is within the passband of the filter and of large enough 
amplitude it can cause problems. Therefore If frequency 
components in the input signal exceed fcLK/2 they must be 
attenuated before being applied to the LMF60 input. The 
necessary amount of attenuation will vary depending on 
system requirements. In critical applications the signal com- 
ponents above fcLK^S will have to be attenuated at least to 
the filter’s residual noise level. An example circuit is shown 
in Figure 15 using one of the uncommitted Op-Amps avail- 
able in the LMF60. 



FIGURE 13. LMF60-50 Step Input Response, 
Vertical = 2V/Div., Horizontal = 

1 ms/Div., fcLK =100 kHz 


(a) Input Signal Spectrum (b) Output Signal Spectrum. Note that the Input signal at 

fs/2 + f causes an output signal to appear at fs/2 - f. 

FIGURE 14. The phenomenon of aliasing in sampled-data systems. An input signal whose frequency 
is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the LMF60, tg = tciK- 
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2.0 Designing with the LMF60 (Continued) 



Design Procedure: 
pick Ci 


2QCia)o 

for a 2nd Order Butterworth Q = 0.707 


make Ri = R 2 
and 

"" (2irfoRi)2Ci 

Note: The parallel combination of R 4 (if used), Ri and R 2 should be ^ 10 kft in order not to load Op-Amp #2. 

FIGURE 15. Second Order Butterworth Anti-Aliasing Filter Using Uncommitted Op-Amp #2 
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Semiconductor 


LMF90 

4th-0rder Elliptic Motcfi Filter 


General Description 

The LMF90 is a fourth-order elliptic notch (band-reject) filter 
based on switched-capacitor techniques. No external com- 
ponents are needed to define the response function. The 
depth of the notch is set using a two-level logic input, and 
the width is programmed using a three-level logic input. Two 
different notch depths and three different ratios of notch 
width to center frequency may be programmed by connect- 
ing these pins to V'*', ground, or V“. Another three-level 
logic pin sets the ratio of clock frequency to notch frequen- 
cy. 

An internal crystal oscillator is provided. Used in conjunction 
with a low-cost color TV crystal and the internal clock fre- 
quency divider, a notch filter can be built with center fre- 
quency at 50 Hz, 60 Hz, 100 Hz, 120 Hz, 150 Hz, or 180 Hz 
for rejection of power line interference. Several LMF90s can 
be operated from a single crystal. An additional input is pro- 
vided for an externally-generated clock signal. 

Features 

□ Center frequency set by external clock or on-board 
clock oscillator 


■ No external components needed to set response char- 
acteristics 

□ Notch width, attenuation, and clock-to-center-frequency 
ratio independently programmable 
m 14 pin 0.3" wide package 


Key Specifications 

□ fo Range 0.1 Hz to 30 kHz 

E3 fo accuracy over full temperature range (max) 1 .5% 


□ Supply voltage range 

□ Passband Ripple (typ) 

□ Attenuation at fo (typ) 

° ^CLk: fo 

□ Notch Bandwidth (typ) 

□ Output offset voltage (max) 


±2Vto ±7.5V or 4V to 15V 
0.25 dB 

39 dB or 48 dB (selectable) 
100:1, 50:1, or 33.3:1 
0.127 fo, 0.26 fo, or 0.55 fo 
120 mV 


Appiications 

□ Automatic test equipment 

□ Communications 

□ Power line interference rejection 


Typicai Connection 

60 Hz Notch Filter 


Connection 

Diagram 



TL/H/1 0354-1 


Dual-In-Line and Small 
Outline Packages 


w 

R 

LD 

XTAL2 

XTAL1 

CLK 

XLS 


TL/H/10354-2 

Top View 



Order Number LMF90CCN, 
LMF90CIWM, 
LMF90CCWM, LMF90CIJ, 
LMF90CCJ, LMF90CIN, 
LMF90CMJor 
LMF90CMJ/883 
See NS Package Number 
J14A,M14B orN14A 
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Absolute Maximum Ratings (Notes i & 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vs = - V“) 

Voltage at any Input or Output 
Input Current at any Pin (Note 1 0) 

Package Input Current (Note 10) 

Power Dissipation (Note 5) 

ESD Susceptability (Note 6) 

Pin 9 

All Other Pins 


-0.3V to + 16V 
V“ -0.3V to V+ +0.3V 
5 mA 
20 mA 
500 mW 

1800V 

2000V 


Soldering Information (Note 4) 

N Package (Soldering, 10 sec.) 260“C 

J Package (Soldering, 10 sec.) 300“C 

Storage T emperature Range - 65“C to + 1 SO^C 

Junction Temperature 1 50°C 

Operating Ratings (Notes 2 & 3) 

Temperature Range Tmin ^ Ta ^ Tmax 

LMF90CCN, LMF90CCWM. 

LMF90CCJ 0“C ^ Ta ^ +70°C 

LMF90CIJ, LMF90CIWM, LMF90CIN 

-40“C ^ Ta ^ +85°C 
LMF90CMJ, LMF90CMJ/883 -55“C ^ Ta ^ + 125“C 
Supply Voltage Range 4.0V to 1 5.0V 


AC Electrical Characteristics The following specifications apply for V*" = +5VandV = -5V unless otherwise specified. Boldface limits apply for 
T* = Tmin to TmaxI all other limits Ta = Tj = 25°C. 






LMF90CCJ, LMF90CCN, 


LMF90CIJ, LMF90CIWM, 







LMF90CCWM 


LMF90CiN, LMF90CMJ 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Typ 

Tested 

Design 

Typ 


Tested 

Design 





Limit 

Limit 


Limit 

Limit 






(Note 7) 

(Note 8) 

(Note 9) 

(Note 7) 

(Note 8) 

(Note 9) 



Center Frequency 



0.1 



0.1 




Hz (Min) 


Range 




30 

30 



30 


kHz (Max) 

^CLK 

Clock Frequency 


Pin 6 

10 



10 




Hz (Min) 


Range 


Pin 6 


1.5 

1.5 



1.5 


MHz (Max) 




Pins 4 and 5 


4.0 

4.0 



4.0 


MHz (Max) 

^CLK/foi 

Clock-to-Center- 

W = D = V",R = V+, 



33.5 ±1% 

33.5 ±1.5% 



33.5 ±1.5% 


(Max) 


Frequency Ratio 

fCLK = 167 kHz 






^CLK/f02 


W = D = R = GND, 
fCLK = 250 kHz 



50.25 ±1% 

50.25 ±1.5% 



50.25 ±1.5% 


(Max) 

fCLK/f03 


W = V+,D = GND,R = 
fCLK = 500 kHz 

V", 


100.5 ±1% 

100.5 ±1.5% 



100.5 ±1.5% 


(Max) 

Hon 

Passband Gain 

DC and 20 kHz, W = D = 
fCLK = 167 kHz 

W = D = R = GND, 

V“, R = V+, 

0 

±0.2 

±0.2 

0 


±0.2 


dB (Max) 





0 

±0.2 

±0.2 

0 


±0.2 


dB (Max) 

fCLK = 250 kHz 



W = V+.D = GND.R = 
fCLK = 500 kHz 

V", 

0 

±0.2 

±0.2 

0 


±0.2 


dB (Max) 
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AC ElGCtriCdl ChSrdCtGristiCS The following specifications apply for = +5VandV 

= -5V unless otherwise specified. Boldface limits appiy for 


= Trsim to TmAXi all other limits Ta = Tj = 25‘’C. (Continued) 












1 


LMF90CCJ, LMF90CCN, 

LMF90CIJ, LMF90CIWM, 







LMF90CCWM 

LMF90CIN, LMF90CMJ 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 


Typ 

(Note 7) 

Tested 

Design 

Typ 

(Note 7) 

Tested 

Design 





Limit 
(Note 8) 

Limit 
(Note 9) 

Limit 
(Note 8) 

Limit 
(Note 9) 


PBW 

Ratio of Passband 
Width to Center 

W = D = V“, R = V+, 
fCLK= 167 kHz 



0.1275 ±0.0175 

0.1275 ±0.0175 


0.1275 ±0.0175 


(Max) 


Frequency 

W = D = R = GND, 
tCLK = 250 kHz 



0.265 ±0.025 

0.265 ±0.025 


0.265 ±0.025 


(Max) 



W = V+,D = GND.R = V“, 
fCLK = 500 kHz 



0.550 ±0.05 

0.550 ±0.05 


0.550 ±0.05 


(Max) 

AMin1@t01 

Gain at 

Center Frequency 

W = D = V“.R==V+. 
fCLK = 167 kHz 


-39 

-30 

-30 

-39 

-30 


dB (Max) 

AMin2@t02 


w = D = R = GND. 
fCLK = 250 kHz 


-48 

-36.5 

-36.5 

-48 

-36.5 


dB (Max) 

AMin3@t03 


W = V+.D = GND,R = V”, 
fCLK = 500 kHz 


-48 

-36.5 

-36.5 

-48 

-36.5 


dB (Max) 


Additional Center 

W = GND,D = V“,R = V+, 


-36 

-30 

-30 

-36 

-30 


dB (Max) 


Frequency Gain 

fCLK = 167 kHz 




Tests at foi 

W = V+,D = V".R = V^, 
fCLK= 167 kHz 


-36 

-30 

-30 

-36 

-30 


dB (Max) 



W = V".D = GND.R = V+, 

fCLK=167kHz 


-42 

-30 

-30 

-42 

-30 


dB (Max) 



W = D = GND.R = V+. 
fCLK= 167 kHz 


-48 

-35 

-35 

-48 

-35 


dB (Max) 



W = V+,D = GND.R = V+. 
fCLK=167kHz i 

1 

-48 

-35 

-35 

-48 

-35 


dB (Max) 

- 



06dlAll 
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AC Electrical Characteristics The following specifications apply for = +5VandV = —5V unless otherwise specified. Boldface limits apply for 

Ta = Thin to TmaxI all other limits Ta = Tj = 25®C. (Continued) 





LMF90CCJ, LMF90CCN, 

LMF90CIJ, LMF90CIWM, 





LMF90CCWM 

LMF90CIN, LMF90CMJ 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Typ 

(Note 7) 

Tested 

Design 

Typ 

(Note 7) 

Tested 

Design 




Limit 
(Note 8) 

Limit 
(Note 9) 

Limit 
(Note 8) 

Limit 
(Note 9) 



Additional Center 

W = V~,D = V~,R = GND, 

-36 

-30 

-30 

-36 

-30 


dB (Max) 


Frequency Gain 

fCLK = 250 kHz 



Tests at fo 2 

W = GND, D = V~. R = GND, 
tCLK = 250 kHz 

-36 

-30 

-30 

-36 

-30 


dB (Max) 



W = V+,D = V“,R = GND, 
tCLK = 250 kHz 

-36 

-30 

-30 

-36 

-30 


dB (Max) 



W = V, D = R = GND, 
tCLK = 250 kHz 

-42 

-30 

-30 

-42 

-30 


dB (Max) 



W = V+,D = R = GND, 
fCLK ~ 250 kHz 

-48 

-35 

-35 

-48 

-35 


dB (Max) 


Additional Center 

I “ 
> 

II 

IT 

II 

Q 

II 

-36 

-30 

-30 

-36 

-30 


dB (Max) 


Frequency Gain 

fCLK = 500 kHz 



Tests at f 03 

W = GND,D = V", R = V", 
fcLK = 500 kHz 

-36 

-30 

-30 

-36 

-30 


dB (Max) 



W = V^,D = V“,R = V“, 
fCLK “ 500 kHz 

-36 

-30 

-30 

-36 

-30 


dB (Max) 



W = V“,D = GND,R = V~, 
fCLK = 500 kHz 

-42 

-30 

-30 

-42 

-30 


dB (Max) 



W=D = GND,R = V-, 
fCLK ~ 500 kHz 

-48 

-35 

-35 

-48 

-35 


dB (Max) 

Asa 

Gain at fa = 0.995 foi 

W == D = V”,R = V+, 

-41 

-30 

-30 

-41 

-30 


dB (Max) 

A4a 

Gain at f 4 = 1 .005 foi 

fcLK = 167 kHz 

-41 

-30 

-30 

-41 

-30 


dB (Max) 

Asb 

Gain at fa = 0.992 fo 2 

W = D = R = GND, fcLK = 250 kHz 

-40 

-35 

-35 

-40 

-35 


dB (Max) 

A4b 

Gain at f 4 = 1 .008 fo 2 


-40 

-35 

-35 

-40 

-35 


dB (Max) 

Asc 

Gain at fa = 0.982 fos 

W = V+,D = GND,R = V" 

-41 

-35 

-35 

-41 




A4c 

Gain at f 4 = 1.018 fo 3 

fCLK = 500 kHz 

-41 

-35 

-35 

-41 




Amaxi 

Passband Ripple 

W = D = V“,R = V+, 

f5 = 0.914foi 

0.25 

0.9 

0.9 

0.25 

HQjH 


dB (Max) 



fCLK =167 kHz 


0.25 

0 

O 

0.25 



dB (Min) 




fe = 1.094 foi 

0.25 

0.9 

0.9 

0.25 



dB (Max) 





0.25 

0 

0 

0.25 

MSm 


dB (Min) 
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AC ElGCtriCdl ChSrSCtGristiCS The following specifications apply tor = +5VandV = -5V unless otherwise specified. Boldface limits apply for 

Ta = Tmii to TMAXf all other limits Ta = Tj = 25“C. (Continued) 

Symbol 

Parameter 

I 

Conditions 

I 

i 

LMF90CCJ, LMF90CCN, 
LMF90CCWM 

LMF90CIJ, LMF90CIWM, 
LMF90CIN, LMF90CMJ 

Units 

(Limit) 

Typ 

(Note?) 

Tested 

Limit 

(Noted) 

Design 
Limit 
(Note 9) 

Typ 

(Note?) 

Tested 

Limit 
(Note 8) 

Design 
Limit 
(Note 9) 

AMax2 

Passband Ripple 

W = D = R = GND, 
fCLK = 250 kHz 

f5 = 0.830 fo2 

0.25 

0.25 

0.9 

0 

0.9 

0 




dB (Max) 
dB (Min) 

fe 

= 1.205 fo2 

11^91 

0.9 

0 


Hi 

0.9 

O 


dB (Max) 
dB (Min) 

AMax3 

Passband Ripple 

W = V+.D = GND,R = V” 
fCLK = 500 kHz 

u 

= 0.700 fo3 

i' 


0.9 

0 


IH 

■I 


dB (Max) 
dB (Min) 

fe 

= 1.428 fo3 

0.25 

0.25 

0.9 

0 

M 

BB 

B 


dB (Max) 
dB (Min) 

En 

Output Noise 

20 kHz Bandwidth 

W = D = V~, R = V+, fcLK = 167 
W = D = R = GND. fcLK = 250 kH 
W = V^.D = GND.R = V~, 
fCLK = 500 kHz 

kHz 

z 

670 

370 

250 


■ 



■ 



Clock Feedthrough 


50 



50 



mVp-p 

GBW 

Output Buffer 

Gain Bandwidth 



1 



1 



MHz 

SR 

Output Buffer 

Slew Rate 

• 


3 



3 



V/jxs 

Cl 

Maximum Capacitive 
Load 



200 



200 




pF 




06JN1 
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DC Electrical Characteristics The following specifications apply for = 4-5VandV = —5V unless otherwise specified Boldface Limits Apply for 

Ta = Thin to Tmax; all other limits Ta = Tj = 25“C. 





LMF90CCJ, LMF90CCN, 

LMF90CIJ, LMF90CIWM, 1 





1 LMF90CCWM 


LMF90CIN, LMF90CMJ 

Units 

(Limit) 

Symbol 

Parameter 

Conditions 

Typ 

(Note 7) 

Tested 

Design 

Typ 

(Note 7) 

Tested 

Design 




Limit 
(Note 8) 

Limit 
(Note 9) 

Limit 
(Note 8) 

Limit 
(Note 9) 


Is 

Power Supply Current 

fCLK = 500 kHz, V|N 1 = V|N 2 = GND 

2.35 

5.0 

5.0 

2.35 

5.0 


mA (Max) 

Vos 

Output Offset Voltage 

W = D = V“,R = V+,fcLK = 167 kHz 

±50 

±120 

±120 

±50 

±120 


mV (Max) 



W = D = R = GND, fcLK = 250 kHz 

±60 

±140 

±140 

±60 

±140 


mV (Max) 



W = V+,D = GND,R = V", 
fCLK = 500 kHz 

±80 

±170 

±170 

±80 

±170 


mV (Max) 

VOUT 

Output Voltage Swing 

Rl = 5 kn 

+ 4.2, -4.7 

±4.0 

± 4.0 

+ 4.2, -4.7 

± 4.0 


V(Mln) 

V|1 

Logical “Low” 

Input Voltage 

Pins 1, 2, 3, 7, and 10 


-4.0 

- 4.0 


- 4.0 


V(Max) 

V|2 

Logical “GND” 

Pins 1, 2, 3, 7, and 10 


+ 1.0 

+ 1.0 


+ 1.0 


V(Max) 


Input Voltage 



-1.0 

- 1.0 


- 1.0 


V (Min) 

V|3 

Logical “High” 

Input Voltage 

Pins 1, 2, 3, and 7 


+ 4.0 

+ 4.0 




V (Min) 

l|N 

Input Current 

Pins 1, 2, 3, 7, and 10 


±10 

±10 


±10 


IxA (Max) 

VlL 

Logical “0” Input 
Voltage, Pins 5 and 6 

Pin 5, XLS = V+ 
or Pin 6. XLS = GND 


-4.0. 





V(Max) 

V|H 

Logical “1” Input 
Voltage, Pins 5 and 6 






+ 4.0 


V(Min) 

V|L 

Logical “0” Input 
Voltage, Pin 6 








V (Max) 

V|H 

Logical “1” Input 
Voltage, Pin 6 



+ 2.0 

+ 2.0 





VoL 

Logical “0” Output 
Voltage, Pin 6 

XLS = V+,|IoutI = 4 mA 


-4.0 

- 4.0 





VOH 

Logical “1” Output 
Voltage, Pin 6 



+ 4.0 



+ 4.0 


V (Min) 













DC Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is intended to be functional. These ratings do not guarantee specific performance limits, 
however. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions 
listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND unless othenn/ise specified. 

Note 4: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any current Linear Data 
Book for other methods of soldering surface mount devices. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj^ax. ®JA and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 150°C, and the typical thermal resistance (0 ja) when board mounted is 61®C/W for the LMF90CCN and CIN, 134‘’C/W for the LMF90CCWM and 
CWIM and 59»C/W for the LMF90CCJ, CIJ and CMJ. 

Note 6: Human body model, 100 pF discharged through a 1.5 kH resistor. 

Note 7: Typicals are at Tj = 25'’C and represent the most likely parametric norm. 

Note 8: Tested Limits are guaranteed and 100% tested. 

Note 9: Design Limits are guaranteed, but not 100% tested. 

Note 10: When the input voltage (Vin) at any pin exceeds the power supplies (V|n < V“ or V|n > V*"), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
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Typical Performance Characteristics 


Notch Depth vs 
Clock Frequency 



10 100 1000 10000 
CLOCK FREQUENCY (kHz) 

Power Supply Current 
vs Power Supply Voltage 



1 2 3 4 5 6 7 8 

POWER SUPPLY VOLTAGE (±V) 

Offset Voltage vs 
Supply Voltage 



1 2 3 4 5 6 7 8 

SUPPLY VOLTAGE (±V) 

Passband Width vs 
Supply Voltage 







W=V*.D = GND.R=\r,f« 

,f'=500kl 









T 

T 










Z5«C 

LL 










- 

j 

M 

D = 

tt 

R = 

GN 

H 

D. 

h 

fcLK 

f-f 

= 250kH5 

J_l 1 

L 





E 

0 

1 

3 


: 


Vi 


D = ' 

r.i 

1= 


If =167 kHz 


□ 

M 1 M 1 1 m 



1 2 3 4 5 6 7 8 

SUPPLY VOLTAGE (±V) 


Notch Depth vs 
Supply Voltage 



e 

I 

sa 

1 

1 

1 

1 

1 

1 

1 

1 

1 


f 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 





E 

!| 

8 




1 

1 


a 

I 

I 

I 

1 

i 

I 

I 



1 

1 

1 

i 

8 

m 

3 

li 

m 


i 

n 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

Wi 



s 

SSiSEH 


1 2 3 4 5 6 7 8 

SUPPLY VOLTAGE (tV) 

Power Supply Current 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (©C) 


Offset Voltage vs 
Temperature 

100 rr^ 


Vs = ±5V 


|W=/.D=GND.| 


|R=V~.1dx=506ldte 



I I III I I . 

W = D = R = GND.f^( = 250 kHz " 




'=D=\r.R=V*.1^:=167kte| 




-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (<>0) 

Passband Width vs 
Temperature 



-55 -35 -15 S 25 45 65 85 105 125 
AMBIENT TEMPERATURE (<%) 


Notch Depth 
vs Temperature 


.W = D = Nr,R = V+,fcLK = 167kHz. 

MMm 



W = V*. D = GND, R = NT .fcu( = 500 kHz 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE {°C) 

Offset Voltage vs 
Clock Frequency 



Passband Width vs 
Clock Frequency 



1 100 1000 10000 
CLOCK FREQUENCY (kHz) 

Stopband Width vs 
Clock Frequency 



CLOCK FREQUENCY (kHz) 

TL/H/10354-3 


7-44 





Typical Performance Characteristics (Continued) 


Stopband Width 
vs Supply Voltage 
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Pin Descriptions 

W (Pin 1 ) This three-level logic input sets the width of 
the notch. Notch width is fc2-^ci (see Figure 
1 ). When W is tied to (pin 14), GND (pin 
13), or V~ (pin 8), the notch width is 0.55 fo, 
0.26 fo, or 0.127 fo, respectively. 

R (Pin 2) This three-level logic input sets the ratio of 
the clock frequency (fcLk) to fhe center fre- 
quency (fo). When R is tied to V^, GND, or 
V~, the clock-to-center-frequency ratio is 
33.33:1, 50:1, or 100:1, respectively. 

LD (Pin 3) This three-level logic input sets the division 
factor of the clock frequency divider. When 
LD is tied to V*^, GND, or V“, the division 
factor is 716, 596, or 2, respectively. 

XTAL2 (Pin 4) This is the output of the internal crystal os- 
cillator. When using the internal oscillator, 
the crystal should be tied between XTAL2 
and XTAL1. (The capacitors are internal — 
no external capacitors are needed for the 
oscillator to operate.) When not using the 
internal oscillator this pin should be left 
open. 


XTAL1 (Pin 5) This is the crystal oscillator Input. When us- 
ing the internal oscillator, the crystal should 
be tied between XTAL1 and XTAL2. XTAL1 
can also be used as an input for an external 
clock signal swinging from to V~. The 
frequency of the crystal or the external 
clock will be divided internally by the clock 
divider as determined by the programming 
voltage on pin 3. 

CLK (Pin 6) This Is the filter clock pin. The clock signal 
appearing on this pin is the filter clock 
(^CLk)- When using the internal crystal oscil- 
lator or an external clock signal applied to 
pin 5 while pin 7 is tied to , the CLK pin is 
the output of the divider and can be used to 
drive other LMF90s with its rail-to-rail output 
swing. When not using the internal crystal 
oscillator or an external clock on pin 5, the 
CLK pin can be used as a CMOS or TTL 
clock input provided that pin 7 is tied to 
GND or V“. For best performance, the duty 
cycle of a clock signal applied to this pin 
should be near 50%, especially at higher 
clock frequencies. 


XLS (Pin 7) This is a three-level logic pin. When XLS is 
tied to V^, the crystal oscillator and fre- 
quency divider are enabled and CLK (pin 6) 
is an output. When XLS is tied to GND (pin 
13), the crystal oscillator and frequency di- 
vider are disabled and pin 6 is an input for a 
clock swinging between V” and V^. When 
XLS is tied to V“, the crystal oscillator and 
frequency divider are disabled and pin 6 is a 
TTL level clock Input for a clock signal 
swinging between GND and or between 
V" and GND. 


V (Pin 8) 


VoUT (Piri 9) 
D (Pin 10) 


V|N 2 (Pin 11) 
V|N 1 (Pin 12) 


GND (Pin 13) 


V+ (Pin 14) 


This is the negative power supply pin. It 
should be bypassed with at least a 0.1 jaF 
capacitor. For single-supply operation, 
connect this pin to system ground. 

This is the filter output. 

This two-level logic input is used to set the 
depth of the notch (the attenuation at fo). 
When D is tied to GND or V~, the typical 
notch depth is 48 dB or 39 dB, respective- 
ly. Note, however, that the notch depth is 
also dependent on the width setting (pin 
1). See the Electrical Characteristics for 
tested limits. 

This is the input to the difference amplifier 
section of the notch filter. 

This is the input to the internal bandpass 
filter. This pin is normally connected to pin 
11. For wide bandwidth applications, an 
anti-aliasing filter can be inserted between 
pin 11 and pin 12. 

This is the analog ground reference for the 
LMF90. In split supply applications, GND 
should be connected to the system 
ground. When operating the LMF90 from a 
single positive power supply voltage, pin 
13 should be connected to a “clean” refer- 
ence voltage midway between V*" and 
V“. 

This is the positive power supply pin. It 
should be bypassed with at least a 0.1 jaF 
capacitor. 


1.0 Definition of Terms 

Amax: the maximum amount of gain variation within the fil- 
ter’s passband (See Figure 1). For the LMF90, Amex 
nominally equal to 0.25 dB. 

Amln= the minimum attenuation within the notch’s stopband. 
(See Figure 1 ). This parameter is adjusted by programming 
voltage applied to pin 10 (D). 

Bandwidth (BW) or Passband Width: the difference in fre- 
quency between the notch filter’s two cutoff frequencies. 
Cutoff Frequency: for a notch filter, one of the two fre- 
quencies, fci and fc 2 that define the edges of the pass- 
band. At these two frequencies, the filter has a gain equal to 
the passband gain. 

^CLK- the frequency of the clock signal that appears at the 
CLK pin. This frequency determines the filter’s center fre- 
quency. Depending on the programming voltage on pin 2 
(R). tcLK will be either 33.33, 50, or 100 times the center 
frequency of the notch. 

fo or fNotch* the center frequency of the notch filter. This 
frequency is measured by finding the two frequencies for 
which the gain -3 dB relative to the passband gain, and 
calculating their geometrical mean. 

Passband: for a notch filter, frequencies above the upper 
cutoff frequency (fc 2 in Figure 1 ) and below the lower cutoff 
frequency (fci in Figure 1 ). 


7-46 




1.0 Definition of Terms (Continued) 

Passband Gain: the notch filter’s gain for signal frequen- 
cies near dc or fcLK^^. The passband gain of a notch filter Is 
also called “Hqn”- For the LMF90, the passband gain Is 
nominally 0 dB. 

Passband Ripple: the variation in gain within the filter’s 
passband. 

Stopband: for a notch filter, the range of frequencies for 
which the attenuation is at least Amin (fsi to fs 2 ) in Figure 
/). 

Stop Frequency: one of the two frequencies (fsi and fs 2 ) 
at the edges of the notch’s stopband. 

Stopband Width (SBW): the difference in frequency be- 
tween the two stopband edges (fs 2 "tsi). 



FIGURE 1. General Form of Notch Response 


2.0 Applications information 

2.1 FUNCTIONAL DESCRIPTION 

The LMF90 uses switched-capacitor techniques to realize a 
fourth-order elliptic notch transfer function with 0.25 dB 
passband ripple. No external components other than supply 
bypass capacitors and a clock (or crystal) are required. 

As is evident from the block diagram, the analog signal path 
consists of a fourth-order bandpass filter and a summing 
amplifier. The analog input signal is applied to the input of 
the bandpass filter, and to one of the summing amplifier 
inputs. The bandpass filter’s output drives the other sum- 
ming amplifier input. The output of the summing amplifier is 
the difference between the Input signal and the bandpass 
output, and has a notch filter characteristic. Notch width and 
depth are controlled by the dc programming voltages ap- 
plied to two pins (1 and 10), and the center frequency is 
proportional to the clock frequency, which may be generat- 
ed externally or internally with the aid of an external crystal. 
The clock-to-center-frequency ratio can be one of three dif- 
ferent values, and is selected by the voltage on a three-level 
logic input (pin 2). 

The clock signal passes through a digital frequency divider 
circuit that can divide the clock frequency by any of three 
different factors before it reaches the filters. This divider can 
also be disabled, if desired. Pin 7 enables and disables the 
frequency divider and also configures the clock inputs for 
operation with an external CMOS or TTL clock or with the 
internal oscillator circuit. 
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2.0 Applications Information (Continued) 

2.2 PROGRAMMING PINS 

The LMF90 has five control pins that are used to program 
the filter’s characteristics via a three-level logic scheme. In 
dual-supply applications, these inputs are tied to either V^, 
V~, or GND in order to select a particular set of characteris- 
tics. For example, the W input (pin 1 ) sets the filter’s pass- 
band width to 0.55 fo, 0.26 fo or 0.127 fo when the W input is 
connected to V*", GND, or V“, respectively. Applying V~ 
and GND to the D input (pin 10) will set the notch depth to 
40 dB or 30 dB, respectively. 

The R input (pin 2) is another three-level logic input, and it 
sets the clock-to-center-frequency ratio to 33.33:1, 50:1, or 
100:1 for input voltages equal to V*", GND, or V~, respec- 
tively. Note that the clock frequency referred to here is the 
frequency at the CLK pin and at the frequency divider output 
(if used). This is different from the frequency at the divider’s 
input. LD (pin 3) sets the frequency divider’s division factor 
to either 716, 596, or 2 for input voltages equal to V^, GND, 
or V“, respectively. XLS (pin 7) enables and disables the 
crystal oscillator and clock divider. When XLS is connected 
to the positive supply, the oscillator and divider are enabled, 
and CLK is the output of the divider and can drive the clock 
inputs of other LMF90s. When XLS is connected to GND, 
the oscillator and divider are disabled, and the CLK pin be- 
comes a clock input for CMOS-level signals. Connecting 
XLS to the negative supply disables the oscillator and divid- 
er and causes CLK to operate as a TTL-level clock input. 
Using an external 3.579545 MHz color television crystal with 
the internal oscillator and divider, it is possible to build a 
power line frequency notch for 50 Hz or 60 Hz line frequen- 
cies or their second and third harmonics using the LMF90. A 
60 Hz notch is shown in the Typical Application circuit on 
the first page of this data sheet. Connecting LD to V*" 
changes the notch frequency to 50 Hz. Changing the clock- 
to-center-frequency ratio to 50:1 results in a second-har- 
monic notch, and a 33:1 ratio causes the LMF90 to notch 
the third harmonic. 

Table I Illustrates 18 different combinations of filter band- 
width, depth, and clock-to-center-frequency ratio obtained 
by choosing the appropriate W, D, and R programming volt- 
ages. 


2.3 DIGITAL INPUTS AND OUTPUTS 

As mentioned above, the CLK pin can serve as either an 
input or an output, depending on the programming voltage 
on XLS. When CLK is operating as a TTL input, it will oper- 
ate properly in both dual-supply and single-supply applica- 
tions, because it has two logic thresholds — one referred to 
V~, and one referred to GND. When operating as an output, 
CLK swings rail-to-rail (CMOS logic levels). 

XTAL1 and XTAL2 are the input and output pins for the 
internal crystal oscillator. When using the internal oscillator 
(XLS connected to V^), the crystal is connected between 
these two pins. When the internal oscillator is not used, 
XTAL2 should be left open. XTAL1 can be used as an input 
for an external CMOS-level clock signal swinging from V“ 
to V^. The frequency of the crystal or the external clock 
applied to XTAL1 will be divided by the internal frequency 
divider as determined by programming voltage on the LD 
pin. 

2.4 SAMPLED-DATA SYSTEM CONSIDERATIONS 
OUTPUT STEPS 

Because the LMF90 uses switched-capacitor techniques, its 
performance differs in several ways from non-sampled (con- 
tinuous) circuits. The analog signal at the input to the inter- 
nal bandpass filter (pin 12) is sampled during each clock 
cycle, and, since the output voltage can change only once 
every clock cycle, the result is a discontinuous output signal. 
The bandpass output takes the form of a series of voltage 
“steps”, as shown in Figure 3. The steps are smaller when 
the clock frequency Is much greater than the signal frequen- 
cy. 

Switched-capacitor techniques are used to set the summing 
amplifier’s gain. Its input and feedback “resistors” are actu- 
ally made from switches and capacitors. Two sets of these 
“resistors” are alternated during each clock cycle. Each 
time these gain-setting components are switched, there will 
be no feedback connected to the op amp for a short period 
of time (about 50 ns). This generates very low-amplitude 
output signals at fcLK + f|N. fcLK - ^IN. 2 fcLK + ^IN. etc. 
The amplitude of each of these intermodulation compo- 
nents will typically be at least 70 dB below the input signal 
amplitude and well beyond the spectrum of interest. 


TABLE I. Operation of LMF90 Programming Pins. Values given are for nominal levels of attenuation. 


R 

V 

(^clk/^o = 

100) 

GND (fcLK/to 

= 50) 

v+ 

(fCLK/^0 = 

33.33) 

D 

W 

Amin 

(dB) 

BW/fo 

SBW/fo 

Amin 

(dB) 

BW/fo 

SBW/fo 

Amin 

(dB) 

BW/fo 

SBW/fo 


V" 

-30 

0.12 

0.019 

-30 

0.12 

0.019 

-30 

0.12 

0.019 

V~ 

GND 

-30 

0.26 

0.040 

-30 

0.26 

0.040 

-30 

0.26 

0.040 



-30 

0.55 

0.082 

-30 

0.55 

0.082 

-30 

0.55 

0.082 


V“ 

-35 

0.12 

0.010 

-35 

0.12 

0.010 

-35 

0.12 

0.010 

GND 

GND 

-40 

0.26 

0.024 

-40 

0.26 

0.024 

-40 

0.26 

0.024 


V+ 

-40 

0.55 

0.050 

-40 

0.55 

0.050 

-40 

0.55 

0.050 
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2.0 Applications Information (Continued) 

ALIASING 

Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency. (The LMFQO’s sampling frequency 
is the same as the filter’s clock frequency. This is the fre- 
quency at the CLK pin). If a signal with a frequency greater 
than one-half the sampling frequency is applied to the input 
of a sampled-data system, it will be “reflected” to a frequen- 
cy less than one-half the sampling frequency. Thus, an input 
signal whose frequency is fs/2 + 1 0 Hz will cause the sys- 
tem to respond as though the input frequency was fs/2 — 
10 Hz. This phenomenon is known as “aliasing”. Aliasing 
can be reduced or eliminated by limiting the input signal 
spectrum to less than fs/2. 

In some cases, it may be necessary to use a bandwidth 
limiting filter (often a simple passive RC low-pass) ahead of 
the bandpass input. Although the summing amplifier uses 
switched-capacitor techniques, it does not exhibit aliasing 
behavior, and the anti-aliasing filter need not be in its input 
signal path. The filter can be placed ahead of pin 12 as 
shown in Figure 4, with the non-band limited input signal 
applied to pin 11. The output spectrum will therefore be 
wideband, although limited by the bandwidth of the sum- 
ming amplifier’s output buffer amplifier (typically 1 MHz), 
even if fcLK 's less than 1 MHz. Phase shift in the anti-alias- 
ing filter will affect the accuracy of the notch transfer func- 


tion, however, so it is best to use the highest available 
clock-to-center-frequency ratio (100:1) and set the RC filter 
cutoff frequency to about 1 5 to 20 times the notch frequen- 
cy. This will provide reasonable attenuation of high-frequen- 
cy Input signals, while avoiding degradation of the overall 
notch response. If the anti-aliasing filter’s cutoff frequency is 
too low, it will introduce phase shift and gain errors large 
enough to shift the frequency of the notch and reduce its 
depth. A cutoff frequency that Is too high may not provide 
sufficient attenuation of unwanted high-frequency signals. 


100:1 


50:1 


TL/H/1 0354-7 

FIGURE 3. Output waveform of a switched-capacitor 
filter. Note the voltage steps caused by sampling 
at the clock frequency. 
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FIGURE 4. Using a simple passive low-pass filter to prevent aliasing in the presence of high-frequency input signals. 
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2.0 Applications Information (Continued) 

NOISE 

Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, “thermal” noise component 
whose level Is typically on the order of hundreds of micro- 
volts. The other kind of noise is digital clock feedthrough. 
This will have an amplitude in the vicinity of 50 mV peak-to- 
peak. In some applications, the clock noise frequency Is so 
high compared to the signal frequency that it is unimportant. 
In other cases, clock noise may have to be removed from 
the output signal with, for example, a passive low-pass filter 
at the LMFQO’s output pin. 

CLOCK FREQUENCY LIMITATIONS 

The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter’s offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 

At higher clock frequencies, performance deviations are pri- 
marily due to the reduced time available for the internal op- 
erational amplifiers to settle. Best performance with high 
clock frequencies will be obtained when the filter clock’s 
duty cycle is 50%. The clock frequency divider, when used, 
provides a 50% duty cycle clock to the filter, but when an 
external clock is applied to CLK, it should have a duty cycle 
close to 50% for best performance. 

Input Impedance 

The input to the bandpass section of the LMF90 (V|ni) is 
similar to the switched-capacitor circuit shown in Figure 5. 
During the first half of a clock cycle, the 9^ switch closes, 
charging C|n to the input voltage Vjn. During the second 
half-cycle, the $2 switch closes, and the charge on C|n is 
transferred to the feedback capacitor. At frequencies well 
below the clock frequency, the input impedance approxi- 
mates a resistor whose value is 

C|N fcLK 

At the bandpass filter input, C|n is nominally 3.0 pF. For a 
worst-case calculation of effective R|n, assume Cjn = 

3.0 pF and fcLK = 1-5 MHz. Thus, 

Rl^(Min)^ ^— ^ 222kn. 


At the maximum clock frequency of 1.5 MHz, the lowest 
typical value for the effective R|n at the V|ni input Is there- 
fore 222 kn. Note that R|n increases as fcLK decreases, so 
the input impedance will be greater than or equal to this 
value. Source impedance should be low enough that this 
input impedance doesn’t significantly affect gain. 

The summing amplifier input impedance at V||M 2 is calculat- 
ed in a similar manner, except that C|n = 5.0 pF. This yields 
a minimum input impedance of 133 kfl at V|N 2 - When both 
inputs are connected together, the combined input imped- 
ance will be 83.3 kft with a 1 .5 MHz filter clock. 



TL/H/1 0354-9 

FIGURE 5. Simplified LMF90 bandpass section input 
stage. At frequencies well below the center frequency, 
the input impedance appears to be resistive. 

2.5 POWER SUPPLY AND CLOCK OPTIONS 

The LMF90 is designed to operate from either single or dual 
power supply voltages from 5V to 15V. In either case, the 
supply pins should be well-bypassed to minimize any feed- 
through of power supply noise into the filter’s signal path. 
Such feedthrough can significantly reduce the depth of the 
notch. For operation from dual supply voltages, connect V~ 
(pin 8) to the negative supply, GND (pin 13) to the system 
ground, and V*" to the positive supply. 

For single supply operation, simply connect V“ to system 
ground and GND (Pin 13) to a “clean” reference voltage at 
mid-supply. This reference voltage can be developed with a 
pair of resistors and a capacitor as shown in Figures 10 
through 16. Note that for single supply operation, the three- 
level logic inputs should be connected to system ground 
and /2 Instead of V~ and GND. The CLK input will oper- 
ate properly with TTL-level clock signals when the LMF90 is 
powered from either single or dual supplies because it has 
two TTL thresholds, one referred to the V“ pin and one 
referred to the GND pin. XLS should be connected to the 
V” pin when an external TTL clock is used. Figures 6 
through 16 illustrate a wide variety of power supply and 
clock options. 
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DUAL-SUPPLY CLOCK OPTIONS 
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2.0 Applications information (Continued) 

DUAL-SUPPLY CLOCK OPTIONS 



-rLTL-TL!: 


+5V 

5V 


TL/H/ 10354- 12 


FIGURE 8. Dual Supply; external CMOS-level clock. Internal frequency divider enabled. 
Output of logic divider available on pin 6. 



TL/H/10354-13 


FIGURE 9. Dual supply; internal crystal clock oscillator. 

Internal frequency divider enabled. Output of logic divider available on pin 6. 
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FIGURE 16. 50 Hz and 150 Hz Notch Filter 


1 



National Semiconductor 


LMF100 High Performance Dual Switched Capacitor Filter 


General Description 

The LMF100 consists of two independent general purpose 
high performance switched capacitor filters. With an exter- 
nal clock and 2 to 4 resistors, various second-order and 
first-order filtering functions can be realized by each filter 
block. Each block has 3 outputs. One output can be config- 
ured to perform either an allpass, highpass, or notch func- 
tion. The other two outputs perform bandpass and lowpass 
functions. The center frequency of each filter stage is tuned 
by using an external clock or a combination of a clock and 
resistor ratio. Up to a 4th-order biquadratic function can be 
realized with a single LMF100. Higher order filters are imple- 
mented by simply cascading additional packages, and all 
the classical filters (such as Butterworth, Bessel, Elliptic, 
and Chebyshev) can be realized. 

The LMF100 is fabricated on National Semiconductor’s 
high performance analog silicon gate CMOS process, 
LMCMOStm, This allows for the production of a very low 


offset, high frequency filter building block. The LMF100 is 
pin-compatible with the industry standard MF10, but pro- 
vides greatly improved performance. 


Features 

■ Wide 4V to 1 5V power supply range 

■ Operation up to 1 00 kHz 

■ Low offset voltage 
(50:1 or 100:1 mode) 


■ Low offset voltage typically 

(50:1 or 100:1 mode) Vosi = ±5 mV 

Vos2 = ±15 mV 
Vos3 = ±15 mV 

■ Low crosstalk -60 dB 

■ Clock to center frequency ratio accuracy ±0.2% typical 

■ fo X Q range up to 1.8 MHz 

■ Pin-compatible with MF10 


4th Order 100 kHz Butterworth Lowpass Filter 


51A“ iToo kfll 


20 

18 ^ 
17 51 ka 



1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 


Connection Diagram 

Surface Mount and Dual-ln-Line Package 


LPa" 1 

BPa- 2 
N/AP/HP^- 3 
INVa- 4 
SIa- 5 

Sa/b- 6 

Va+-7 
Vd+- 8 
LSh- 9 


— ^ 

1 

IT — 

20 

-LPb 

2 

19 

-BPb 

3 

18 

-N/AP/HPb 

4 

17 

-INVb 

5 

16 

-SIb 

6 

15 

-AGND 

7 

•14 

-Va- 

8 

13 

-Vd- 

9 

12 

-50/100 

10 

11 

-CLKb 


Order Number LMF100AE/883 or 5962-9153301M2A, 
LMF100AJ, LMF100AJ/883 or 5962-91 53301 MRA, 
LMF100CIJ, LMF100ACN, LMF100CCN, LMF100CIN or 
LMF100CIWM 

See NS Package Number J20A, N20A or M20B 


Top View 
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Absolute Maximum Ratings (Note d 

if Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


(Note 14) 

Supply Voltage (V+ - V“) 16V 

Voltage at Any Pin V+ H- 0.3V 

V- - 0.3V 

Input Current at Any Pin (Note 2) 5 mA 

Package Input Current (Note 2) 20 mA 

Power Dissipation (Note 3) 500 mW 

Storage T emperature 1 50“C 

ESD Susceptability (Note 1 1 ) 2000V 


Soldering Information 

N Package: 1 0 sec. 260“C 

J Package: 10 sec. 300°C 

SO Package: Vapor Phase (60 sec.) 21 5“C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Operating Ratings (Notei) 


Temperature Range 
LMF100ACN, LMF100CCN 
LMF100CIJ, LMF100CIN, 
LMF100CIWM 
LMF100AJ, MF100AJ/883, 
LMF100AE/883 


Tmin ^ Ta ^ Tmax 
0“C ^ Ta ^ +70'’C 

-40^C ^ Ta ^ +85“C 

-55”C^Ta^ +125“C 


Supply Voltage 


4V^ V+ - V- ^ 15V 


Electrical Characteristics 

The following specifications apply for Mode 1, Q = 10 (Ri = R3 = 100k, R2 = 10k), V+ = +5V and V“ = -5V unless 
otherwise specified. Boldface limits apply for Tmin fo Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LMF100ACN, 

LMF100CCN 

LMF100AJ, LMF100CIN, 
LMF100CIWM, LMF100CIJ 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Is 

Maximum Supply Current 

fCLK = 250 kHz 

No Input Signal 

9 

13 

13 

9 

13 


mA 

fo 

Center Frequency 
Range 

MIN 


0.1 



0.1 



Hz 

MAX 

100 



100 



kHz 

fCLK 

Clock Frequency 

Range 



5.0 



5.0 



Hz 


3.5 



3.5 



MHz 

fCLK/^O 

Clock to Center 

Frequency Ratio Deviation 

Vpini2 = 5V 

or OV 
fcLK = 1 MHz 

LMF100A 



±0.6 

±0.2 



% 

LMF100C 




±0.2 



% 

AQ 

Q 

Q Error (MAX) 

(Note 4) 

Q = 10, Model 
Vpinl2 = 5V 

orOV 
fCLK = 1 MHz 



B 


±0.5 



% 




H 




% 

Hobp 

Bandpass Gain at fg 

fCLK = 1 MHz 

0 



0 

±0.4 


dB 

Holp 

DC Lowpass Gain 

Ri = R 2= 10k 
fcLK = 250 kHz 

0 

±0.2 

± 0.2 

0 

±0.2 


dB 

V 0 S 1 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 

ESS 



±5.0 

±15 


mV 

VoS2 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 

Sa/B = v+ 

IIQ3I 


±80 


±80 


mV 

Sa/B = V- 

WBfM 

±70 

±70 




mV 

V0S3 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 



±60 

MUM 



mV 


Crosstalk (Note 6) 

A Side to B Side or 

B Side to A Side 







dB 


Output Noise (Note 12) 

fCLK = 250 kHz 
20 kHz Bandwidth 

100:1 Mode 

N 

40 



40 



^tV 

BP 

320 



320 



LP 

300 



300 




Clock Feedthrough (Note 13) 

fCLK = 250 kHz 100:1 Mode 

6 



6 



mV 

VOUT 

Minimum Output 

Voltage Swing 

Rl = 5k 
(All Outputs) 

q 

+ 1 

±3.8 

±3.7 

+ 4.0 
-4.7 

±3.7 


V 

Rl = 3.5k 
(All Outputs) 

O) CD 
CO 

+ 1 



+ 3.9 
-4.6 



V 

GBW 

Op Amp Gain BW Product 


5 



5 



MHz 

SR 

Op Amp Slew Rate 


20 



20 



V/jiiS 
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Electrical Characteristics 

The following specifications apply for Mode 1, Q = 10 (Ri = R 3 = 100k, R 2 = 10k), V+ = +5V and V“ = — 5V unless 
otherwise specified. Boldface limits appiy for Twin to Tmax; aH other limits Ta = Tj = 25“C. (Continued) 


Symbol 

Parameter 

Conditions 

LMF100ACN, 

LMF100CCN 

LMF100AJ, LMF100CIN, 
LMF100CIWM, LMF100CIJ 

Units 

Typical 
(Note 8 ) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8 ) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Isc 

Maximum Output Short 
Circuit Current (Note 7) 

Source 

(All Outputs) 

12 



12 



mA 

Sink 

45 



45 



mA 

l|N 

Input Current on Pins; 4, 5, 

6 , 9,10,11,12,16,17 



10 



10 


jllA 


Eiectricai Characteristics 

The following specifications apply for Mode 1 , Q = 10(Ri = R 3 = 100k, R 2 = 10k), V+ = + 2.50V and V” = -2.50V unless 
otherwise specified. Boldface limits apply for Tmin to TmaxI all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LMF100ACN, 

LMF100CCN 

LMF100AJ, LMF100CIN, 
LMF100CIWM, LMF100CIJ 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Is 

Maximum Supply Current 

fcLK = 250 kHz 

No Input Signal 

8 

12 

12 

8 

12 


mA 

fo 

Center Frequency 

Range 

MIN 


0.1 



0.1 



Hz 

MAX 

50 



50 



kHz 

^CLK 

Clock Frequency 

Range 

MIN 


5.0 



5.0 



Hz 

MAX 

1.5 



1.5 




fCLK/^0 

Clock to Center 

Frequency Ratio Deviation 

Vpini2 = 2.5V 
or OV 
^CLK == “I MHz 

LMF100A 

m 






% 

LMF100C 


±1 

±1 

ll^^i 

±1 


% 

AQ 

Q 

Q Error (MAX) 

(Note 4) 

0 = 10, Mode 1 
Vpin12 = 5V 

orOV 
fCLK = 1 MHz 

LMF100A 

±0.5 

±4 


m 

m 


% 

LMF100C 




m 

B 


% 


B^dpas^Gain at To 

fCLK = 1 MHz 

d 






dB 

Holp 

DC Lowpass Gain 

Rl = R 2 = 10k 
fcLK = 250 kHz 

0 

±0.2 


m 



dB 

V 0 S 1 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 

± 5.0 




IQQI 


mV 

V0S2 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 

Sa/B = V+ 

HI 






mV 

Sa/B = V- 

HI 




±60 


mV 

V0S3 

DC Offset Voltage (Note 5) 

fCLK = 250 kHz 

±10 




±30 


mV 


Crosstalk (Note 6) 

A Side to B Side or 

B Side to A Side 

-65 



-65 



dB 


Output Noise (Note 12) 

^CLK = 250 kHz 
20 kHz Bandwidth 

100:1 Mode 

N 




25 



laV 

BP 







LP 

220 



220 




Clock Feedthrough (Note 13) 

fcLK = 250 kHz 100:1 Mode 

2 



2 



mV 

VOUT 

Minimum Output 

Voltage Swing 

Rl = 5k 
(All Outputs) 

±1.6 

-2.2 

±1.5 

± 1.4 

CO CVl 

c\i 

± 1 

± 1.4 


V 

Rl = 3.5k 
(All outputs) 




±1.5 

-2.1 



V 

GBW 

Op Amp Gain BW Product 


5 



5 



MHz 

SR 

Op Amp Slew Rate 





18 



V/fxS 

Isc 

Maximum Output Short 
Circuit Current (Note 7) 

Source 

(All Outputs) 




10 



mA 

Sink 




20 



mA 
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Logic Input Characteristics Boldface limits apply for Tmin to Tmax: another limits Ta = Tj = 25“C. 


Parameter 

Conditions 

LMF100ACN, 

LMF100CCN 

LMF100AJ, LMF100CIN, 
LMF100CIWM, LMF100CIJ 

Units 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 

(Notes) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

CMOS Clock 
Input Voltage 

MIN Logical “1” 

V+ = +5V,V- = -5V, 
VLSh = OV 


+ 3.0 



+ 3.0 


V 

MAX Logical "0” 


-3.0 

- 3.0 


BBS 


V 

MIN Logical “1” 

v+ = +10V,V- = OV, 

VLSh = +5V 


+ 8.0 

+ 8.0 


+ 8.0 


V 

MAX Logical “0” 


+ 2.0 

+ 2.0 


+ 2.0 


V 

TTL Clock 
Input Voltage 

MIN Logical “1” 

V+ = +5V,V- = -5V, 
VLSh = OV 


+ 2.0 

+ 2.0 


III^QQI 


, V 

MAX Logical “0” 


+ 0.8 



Bffii 


V 

MIN Logical “1” 

V+ = +10V,V- = OV, 

VLSh = OV 


+ 2.0 



BSQI 


V 

MAX Logical “0” 


+ 0.8 

+ 0.8 


+ 0.8 


V 

CMOS Clock 
Input Voltage 

MIN Logical “1” 

V+ = +2.5V,V- = -2.5V, 

VLSh = 0V 



+ 1.5 


+ 1.5 


V 

MAX Logical “0” 


-1.5 

- 1.5 


- 1.5 


V 

MIN Logical “1” 

V+ = +5V,V- = OV, 

VLSh = +2.5V 


+ 4.0 

+ 4.0 


+ 4.0 


V 

MAX Logical “0” 


+ 1.0 

+ 1.0 


+ 1.0 


V 

TTL Clock 
Input Voltage 




+ 2.0 

+ 2.0 


+ 2.0 


V 



+ 0.8 

+ 0.8 

1 

+ 0.8 


V 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, these ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device 
is not operated under the listed test conditions. 

Note 2: When the input voltage (Vin) at any pin exceeds the power supply rails (V|n < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ®ja. and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125'’C, and the typical junction-to-ambient thermal resistance of the LMF100ACN/CCN/CIN when board mounted is SS'C/W. For the 
LMF100AJ/CIJ, this number increases to OS'C/W and for the LMF100CIWM this number is eS’C/W. 

Note 4: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading “Typical Peformance Characteris- 
tics”. 

Note 5: Vqsi. Vos 2 i and Vqss refer to the internal offsets as discussed in the Applications Information section 3.4. 

Note 6: Crosstalk between the internal filter sections is measured by applying a 1 Vrms 10 kHz signal to one bandpass filter section input and grounding the input 
of the other bandpass filter section. The crosstalk is the ratio between the output of the grounded filter section and the 1 Vrms input signal of the other section. 
Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 

Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 

Note 10: Design limits are guaranteed to National’s AOQL (Average Outgoing Quality Level) but are not 100% tested. 

Note 11: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 12: In 50:1 mode the output noise is 3 dB higher. 

Note 13: In 50:1 mode the clock feedthrough is 6 dB higher. 

Note 14: A military RETS specification is available upon request. 
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Typical Performance Characteristics 


Power Supply Current vs 
Power Supply Voltage 
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LMF100 System Block Diagram 


Va N/AP/HPa SIa 


BPa 


LPa 



TL/H/5645-1 


Pin Descriptions 

LP(1,20), BP(2,19), The second order lowpass, band- 

N/AP/HP(3,18) pass and notch/allpass/ highpass 
outputs. These outputs can typically 
swing to within 1V of each supply 
when drivlrig a 5 kn Id^rpor 
mum performance, capacitive load- 
ing on these outputs should be mini- 
mized. For signal frequencies above 
15 kHz the capacitance loading 
should be kept below 30 pF. 

INV(4,17) The Inverting input of the summing 

opamp of each filter. These are high 
impedance inputs. The non-inverting 
input is internally tied to AGND so 
the opamp can be used only as an 
Inverting amplifier. 

31(5,16) SI Is a signal input pin used In 

modes 1 b, 4, and 5. The input imped- 
ance is 1/fcLK X 1 PF- The pin 
should be driven with a source im- 
pedance of less than 1 kft. If SI Is 
not driven with a signal it should be 
tied to AGND (mid-supply). 


Sa/b( 6) This pin activates a switch that con- 

nects one of the inputs of each fil- 
ter’s second summer either to AGND 
(Sa/b tied to V~) or to the lowpass 

(LP) output (Sa/b tiecT to )7^Thls 

offers the flexibility needed for con- 
figuring the filter in its various modes 
of operation. 

Va‘*’( 7)* This is both the analog and digital 

positive supply. 

Vd‘''( 8)* This pin needs to be tied to V+ ex- 

cept when the device is to operate 
on a single 5V supply and a TTL lev- 
el clock is applied. For 5V, TTL oper- 
ation, Vd+ should be tied to ground 
(OV). 

Va“(14), Vd“( 13) Analog and digital negative supplies. 

Va“ and Vd“ should be derived 
from the same source. They have 
been brought out separately so they 
can be bypassed by separate capac- 
itors, if desired. They can also be tied 
together externally and bypassed 
with a single capacitor. 
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Pin Descriptions (Continued) 

LSh(9) Level shift pin. This is used to ac- 

commodate various clock levels with 
dual or single supply operation. With 
dual ±5V supplies and CMOS (±5V) 
or TTL (0V-5V) clock levels, LSh 
should be tied to system ground. 

For 0V-10V single supply operation 
the AGND pin should be biased at 
+ 5V and the LSh pin should be tied 
to the system ground for TTL clock 
levels. LSh should be biased at + 6V 
for ± 5V CMOS clock levels. 

The LSh pin is tied to system ground 
for ±2.5V operation. For single 6V 
operation the LSh and Vd+ pins are 
tied to system ground for TTL clock 
levels. 

CLK(1 0,11) Clock inputs for the two switched ca- 

pacitor filter sections. Unipolar or bi- 
polar clock levels may be applied to 
the CLK inputs according to the pro- 
gramming voltage applied to the LSh 
pin. The duty cycle of the clock 
should be close to 50%, especially 
when clock frequencies above 
200 kHz are used. This allows the 
maximum time for the internal 
opamps to settle, which yields opti- 
mum filter performance. 

50/100(12)* By tying this pin to V+ a 50:1 clock 
to filter center frequency ratio is ob- 
tained. Tying this pin at mid-supply 
(i.e., system ground with dual sup- 
plies) or to V“ allows the filter to op- 
erate at a 100:1 clock to center fre- 
quency ratio. 

AGND(15) This is the analog ground pin. This 

pin should be connected to the sys- 
tem ground for dual supply operation 
or biased to mid-supply for single 
supply operation. For a further dis- 
cussion of mid-supply biasing tech- 
niques see the Applications Informa- 
’ tion (Section 3.2). For optimum filter 
performance a “clean” ground must 
be provided. 

•This device is pin-for-pin compatibie with the MF10 except for the foiiowing 
changes: 

1. Uniike the MF10, the LMF100 has a singie positive suppiy pin (Va+). 

2. On the LMF100 Vq+ is a controi pin and is not the digital positive supply 
asontheMFIO. 


50/100(12)* 


AGND(15) 


1.0 Definitions of Terms 

fcLK^ the frequency of the external clock signal applied to 
pin 10 or 11. 

fo: center frequency of the second order function complex 
pole pair, fo is measured at the bandpass outputs of the 
LMF100, and is the frequency of maximum bandpass gain. 
(Figure 1). 

fnotch- frequency of minimum (ideally zero) gain at the 
notch outputs. 

f 2 : the center frequency of the second order complex zero 
pair, if any. If fz is different from fg and if Qz is high, it can be 
observed as the frequency of a notch at the allpass output. 
(Figure 13), 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass outputs of the LMF100 and is equal to fo di- 
vided by the -3 dB bandwidth of the 2nd order bandpass 
filter (Figure 1). The value of Q determines the shape of the 
2nd order filter responses as shown In Figure 6. 

Qzi the quality factor of the second order complex zero pair, 
if any. Qz is related to the allpass characteristic, which is 
written: 


Hap(s) = - 


where Qz = Q for an all-pass response. 

HoBp: the gain (in V/V) of the bandpass output at f = fo. 
Holp‘ the gain (In V/V) of the lowpass output as f — > 0 Hz 
(Figure 2). 

HoHp: the gain (in V/V) of the highpass output as f — > 
(Figure 3). 

Hon: the gain (In V/V) of the notch output as f — ► 0 Hz 
and as f fcLK/2, when the notch filter has equal gain 
above and below the center frequency (Figure 4). When the 
low-frequency gain differs from the high-frequency gain, as 
in modes 2 and 3a (Figures 10 and 12), the two quantities 
below are used in place of Hqn- 

Hqni: the gain (in V/V) of the notch output as f —► 0 Hz. 
Hqnz: the gain (In V/V) of the notch output as f fcLK/2. 


3. Unlike the MF10, the LMF100 does not support the current limiting mode. 
When the 50/100 pin is tied to V- the LMF100 wiil remain in the 100:1 
mode. 
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1.0 Definitions of Terms (Continued) 



TL/H/5645-25 

(a) 



f (LOG SCALE) 

TL/H/5645-26 

(b) 

FIGURE 4. 2nd-Order Notch Response 


Hn(s) = 


Hon(S^ + ) 


Q = jj^;to = /fiTS 

fH = to(55 + 7(ik)'+0 



fo 

f (LOG SCALE) 

TL/H/5645-27 


(a) 



(b) 


FIGURE 5. 2nd-Order All-Pass Response 


Hap(s) = 


HoAP (s 2 - ^ + oJo^j 

S2 + ?^ + 



0.1 0.5 1 2 5 10 


FREOUENCY (Hz) 


(b) Low Pass 



FREQUENCY (Hz) 



0.1 0.2 0.5 1.0 2 5 10 

FREQUENCY (Hz) 


(d) Notch (e) All-Pass 




FIGURE 6. Response of various 2nd-order filters as a function of Q. Gains 
and center frequencies are normalized to unity. 
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2.0 Modes of Operation 

The LMF100 is a switched capacitor (sampled data) filter. 
To fully describe its transfer functions, a time domain analy- 
sis is appropriate. Since this is cumbersome, and since the 
LMF100 closely approximates continuous filters, the follow- 
ing discussion is based on the well-known frequency do- 
main. Each LMF100 can produce two full 2nd order func- 
tions. See Table I for a summary of the characteristics of the 
various modes. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: 

♦notch = fo (See Figure 7) 

= center frequency of the complex pole pair 


^0 


. ^CLK ^CLK 
■ 100 50 


Hqlp = Lowpass gain (as f ^ 0) = 
Hqbp = Bandpass gain (at f = fo) = 
Hon = Notch output gain as f — > q 


y zero pair = fo- 

fo 

R2 


’ R1 

Q 

R3 

Hqlp 

R1 



Hobpi 

1 -R2 


^ J Ri 

H 0 BP 2 


Q = 

BW R2 

= quality factor of the complex pole pair 

BW = the — 3 dB bandwidth of the bandpass 
output. 

Circuit dynamics: 

Hqlp = or Hqbp = Hqlp x Q 
= Hqn X Q. 

HoLP(peak) = Q X Hqlp (for high Q’s) 

MODE la: Non-Inverting BP, LP (See Figure 8) 

_ fCLK fCLK 
100 50 

= — 

~ R2 

= -1; HoLP(peak) = Q X Hqlp (for high Q’s 

- 

R2 

= 1 (non-inverting) 

Circuit dynamics: HqbPi = Q 

Note: V|N should be driven from a low impedance (<1 kH) source. 



ViN 


Sa/b 

? 
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2.0 Modes of Operation (Continued) 

MODE 1b: Notch 1, Bandpass, Lowpass Outputs: 

*notch = *0 (See Figure 9} 

fo = center frequency of the complex pole pair 

100 50 

^notch = center frequency of the imaginary zero pair = fo- 

R2 

Hqlp = Lowpass gain (as f — ► 0) = - 

2R1 

R3 

Hobp = Bandpass gain (at f = fo) = - ^ 

R I 


i=- 

J Ri 


Rz 


Hon = Notch output gain as f — ► o 

f ^clk/2 

Q =-[^ = 55x^2 

BW R2 

= quality factor of the complex pole pair 
BW = the -3 dB bandwidth of the bandpass output. 
Circuit dynamics: 

. Hqbp . 

' ^/2Q 
Hon X Q 

HoLP(peak) = Q X Holp (for high Q’s) 


Hqlp 

Hobp 


- or Hobp “ Holp x q x >/2 


MODE 2: Notch 2, Bandpass, Lowpass: fnotch ^ fo 
Figure 10) 
fo = center frequency 


fcLK [ 
100 V 


R4 50 


4 


R4 


fnotch 


= fCLK fCLK 
100 50 


Q = quality factor of the complex pole pair 
^ VR2/R4 + 1 
R2/R3 


Holp = Lowpass output gain (as f 0) 
= R2/R1 

R2/R4 + 1 


Hobp = Bandpass output gain (at f = fp) = - R3/R‘ 
Hon-i = Notch output gain (as f 0) 

R2/R1 
R2/R4 + 1 


H 0 N 2 = Notch output gain ^asf "2 j "" 

Filter dynamics: Hobp = Q V Holp H 0 N 2 “ V Hon-i Honj 
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2.0 Modes of Operation (Continued) 

MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 11) 

° 100 R4 50 ^■VR4 

Q = quality factor of the complex pole pair 


/R2 R3 
/ R4 ^ R2 


Hohp = Highpass gain = 

R3 

Hobp = Bandpass gain (at f = fo) = “ ^ 

R1 


o)=-51 

' R1 


Hqlp = Lowpass gain (as f 

Circuit dynamics: 5 ? = Hobp = VHqhpXHqlp x Q 
R4 Hqlp 

HoLP(peak) = Q X Hqlp (for high Q’s) 

HoHP(peak) - Q X Hqhp (for high Q’s) 


Cc* 

r-ll-n 


MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 12) 

_ fCLK , 


fo 

Q 

Hqhp 

Hobp 

Hqlp 

fn 

Hon 

Hn1 


100 


/R2 fcLK 
/ — or-^ X . 
/R4 50 


^ /R2 R3 
= 

R1 

= -55 

R1 

= -51 

R1 

fCLK 

= notch frequency = — - 
100 

= gain of notch at 

II /Hg F 

f = fo=l|Q(JHoLP-^ 

Rg 

= gain of notch (as f — ► 0) = -^ x Hqlp 
H| 


Ph^^fcy< /Rh 
R| 50 V R| 

)ll 


Hohp 


Hn2 = Qaio of notch 


= -^xHohp 





R4 
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2.0 Modes of Operation (Continued) 

MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 13) 
fo = center frequency 

= ^CLK ^CLK. 

100 50 ’ 

fz* = center frequency of the complex zero ~ fo 


Qz = quality factor of complex zero pair =~ 

Ri 

For AP output make RI = R2 
Hqap* = Allpass gain ^at 0 < f < j ^ ~ ^ ^ 

Hqlp = Lowpass gain (as f ^ 0) 



Hqbp = Bandpass gain (at f = fo) 

R3/ ^R2\_ ^/R3\ 

R2l^'^Rlj ^VRaj 

Circuit dynamics: Hqbp = (Hqlp) x Q = (Hqap + 1)Q 

*Due to the sampled data nature of the filter, a slight mismatch of fz and fo 
occurs causing a 0.4 dB peaking around fo of the allpass filter amplitude 
response (which theoretically should be a straight iine). If this is unaccept- 
able, Mode 5 is recommended. 


MODE 5: Numerator Complex Zeros, BP, LP 



(See Figure 14) 


fo 


4.5? 

^R4^ 50 

fz 

R3 

R1 ^ fCLK 
R4 50 

Q 

= VI + R2/R4 X — 

Rrt 


Qz 

= VI -R1/R4X — 

RI 


X 

o 

N 

= gain at C.Z. output (as f 
-R2(R4- RI) 

OHz) 


R1(R2 + R4) 


O 

X 

= gain at C.Z. output ^as f — > j 

Hqbp 

/R2 \ R3 

= -(RT+V^Ri 


Hqlp 

/R2 + R1\ , R4 
VR2 + R4/ ^ RI 



-R2 

RI 
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2.0 Modes of Operation (Continued) 

MODE 6c: Single Pole, AP, LP Filter {See Figure 17) 



_ ^CLK ^CLK 

50 100 

Hoap 

= 1 (as f 0 ) 

Hoap 

= - 1 (as f 

Holp 

= -2 

R1 

= R 2 = R 3 


fCLK/2) 


MODE 7: Summing Integrator (See Figure 16) 

T = integrator time constant 

= -1^ _L. 

^CLK fCLK 


V|N 


FIGURE 17. MODE6C 
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Equivalent Circuit 
0UT1 


0UT2 



TL/H/5645-38 


OUT2 = -JOUT1 dt 


FIGURE 18. MODE 7 







2.0 Modes of Operation (Continued) 

TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios. 


Mode 

BP 

LP 

HP 

N 

AP 

Number of 
Resistors 

Adjustable 

^clk/^o 

Notes 

1 

* 

* 


* 


3 

No 


1a 

(2) 

Hobpi = -Q 
HoBP2 = + 1 

Holp = + 1 




2 

No 

May need input buf- 
fer. Poor dynamics 
for high Q. 

1b 

• 

• 


* 


3 

No 

Useful for high 
frequency applications. 

2 

* 

* 


* 


3 

Yes (above 
^CLK/SO or 

fcLK/100) 


3 

* 

* 

• 



4 

Yes 

Universal State- 
Variable Filter. Best 
general-purpose mode. 

3a 

* 

* 

• 

* 


7 

Yes 

As above, but also 
includes resistor- 
tuneable notch. 

4 

* 

* 



* 

3 

No 

Gives Allpass res- 
ponse with Hqap = ~ 1 
and Hqlp = ~2. 

5 

* 

* 



* 

4 

Yes 

Gives flatter allpass 
response than above 
if Ri = R2 = O.O2R4. 

6a 


* 

* 



3 

Yes 

Single pole. 

6b 


(2) 

HoLP1 = + 1 




2 

Yes 

Single pole. 



HoLP2 - 







6c 


* 



* 

3 

No 

Single pole. 

7 






2 

Yes 

Summing inte^tor with 
adjustable time constant. 


3.0 Applications Information 

The LMF100 is a general purpose dual second-order state 
variable filter whose center frequency is proportional to the 
frequency of the square wave applied to the clock input 
(fCLK)- The various clocking options are summarized in the 
following table. 


Clocking Options 


Power Supply 

Clock Levels 

LSh 

Vd+ 

-5Vand +5V 

TTL (OVto +5V) 

OV 

+ 5V 

--SVand +5V 

CMOS(-5Vto +5V) 

OV 

+ 5V 

OV and 10V 

TTL (OVto 5V) 

OV 

+ 10V 

OV and 10V 

CMOS (OVto +10V) 

+ 5V 

+ 10V 

-2.5 V and +2.5V 

CMOS 

(-2.5Vto +2.5V) 

OV 

+ 2.5V 

OVand 6V 

TTL (OVto +5V) 

OV 

OV 

OVandSV 

CMOS (OVto +5V) 

+ 2.5V 

+ 5V 


By connecting pin 1 2 to the appropriate dc voltage, the filter 
center frequency, fo, can be made equal to either fcLK/100 
or fcLK^SO. fo can be very accurately set (within ±0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fcLK/^o ratio can be altered by external resis- 
tors as in Figures 10, 11, 12, 13, 14, 15 and 16. This is 
useful when high-order filters (greater than two) are to be 
realized by cascading the second-order sections. This al- 
lows each stage to be stagger tuned while using only one 
clock. The filter Q and gain are set by external resistor ra- 
tios. 

All of the five second-order filter types can be built using 
either section of the LMF100. These are illustrated in Fig- 
ures 1 through 5 along with their transfer functions and 
some related equations. Figure 6 shows the effect of Q on 
the shapes of these curves. 
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3.0 Applications Information (Continued) 

3.1 DESIGN EXAMPLE 

In order to design a filter using the LMF100, we must define 
the necessary values of three parameters for each second- 
order section; fo, the filter section’s center frequency; Hq, 
the passband gain; and the filter’s Q. These are determined 
by the characteristics required of the filter being designed. 
As an example, let’s assume that a system requires a 
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity 
gain at dc, and 1000 Hz cutoff frequency. As the system 
order is four, it is realizable using both second-order sec- 
tions of an LMF100. Many filter design texts (and National’s 
Switched Capacitor Filter Handbook) include tables that list 
the characteristics (fo and Q) of each of the second-order 
filter sections needed to synthesize a given higher-order fil- 
ter. For the Chebyshev filter defined above, such a table 
yields the following characteristics: 
foA = 529 Hz Qa = 0.785 

fOB = 993 Hz Qb = 3.559 

For unity gain at dc, we also specify: 

Hoa= 1 
Hob = 1 

The desired clock-to-cutoff-frequency ratio for the overall 
filter of this example is 1 00 and a 1 00 kHz clock signal is 
available. Note that the required center frequencies for the 
two second-order sections will not be obtainable with clock- 
to-center-frequency ratios of 50 or 1 00. It will be necessary 
fCL K 

to adjust — — externally. From Table I, we see that Mode 3 
TO 

can be used to produce a low-pass filter with resistor-adjust- 
able center frequency. 


In most filter designs involving multiple second-order 
stages. It is best to place the stages with lower Q values 
ahead of stages with higher Q, especially when the higher Q 
is greater than 0.707. This is due to the higher relative gain 
at the center frequency of a higher-Q stage. Placing a stage 
with lower Q ahead of a hIgher-Q stage will provide some 
attenuation at the center frequency and thus help avoid clip- 
ping of signals near this frequency. For this example, stage 
A has the lower Q (0.785) so it will be placed ahead of the 
other stage. 


For the first section, we begin the design by choosing a 
convenient value for the input resistance: Ria = 20k. The 
absolute value of the passband gain Hqlpa is made equal 
to 1 by choosing R4A such that: R4 A = -HqlpaRia = Ria 
= 20k. If the 50/100/CL pin is connected to mid-supply for 
nominal 100:1 clock-to-center-frequency ratio, we find R2A 
by: 


”''^(fCLK/100)2 


= 2 X 104 X 


(529)2 

( 1000)2 


= 5.6k and 


Rsa = QaVR2aR4A = 0.785^5.6 X 10^ X 2 X 10^ = 8.3k 
The resistors for the second section are found in a similar 
fashion: 


Rib = 20k 
R4B =^^16 = 20k 


R 2 B = R4BT 


JOB^ 


:= 20k 


(993)2 


19.7k 


(fCLK/100)2 (1000)2 

RsB = QbVR2bR4B =3.559V1.97 X 104 X 2 X 104 = 70.6k 


The complete circuit is shown in Figure 19 for split ±5V 
power supplies. Supply bypass capacitors are highly recom- 
mended. 



FIGURE 19. Fourth-order Chebyshev low-pass filter from example in 3.1. 
± 5V power supply. 0V-5V TTL or ± 5V CMOS logic levels. 
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3.0 Applications information (Continued) 

3.2 SINGLE SUPPLY OPERATION 

The LMF100 can also operate with a single-ended power 
supply. Figure 20 shows the example filter with a single-end- 
ed power supply. Va+ and Vd+ are again connected to the 
positive power supply (4 to 1 5 volts), and Va~ and Vp" are 
connected to ground. The Aqnd P'n f^iust be tied to V +/2 
for single supply operation. This half-supply point should be 
very “clean”, as any noise appearing on it will be treated as 
an input to the filter. It can be derived from the supply volt- 
age with a pair of resistors and a bypass capacitor (Figure 
21a), or a low-impedance half-supply voltage can be made 
using a three-terminal voltage regulator or an operational 
amplifier (Figures 21b and 21c). The passive resistor divider 
with a bypass capacitor is sufficient for many applications, 
provided that the time constant is long enough to reject any 
power supply noise. It is also important that the half-supply 
reference present a low impedance to the clock frequency, 
so at very low clock frequencies the regulator or op-amp 
approaches may be preferable because they will require 
smaller capacitors to filter the clock frequency. The main 
power supply voltage should be clean (preferably regulated) 
and bypassed with 0.1 jiiF. 

3.3 DYNAMIC CONSIDERATIONS 

The maximum signal handling capability of the LMF100, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the LMF100 are able to swing 
to within about 1 volt of the supplies, so the input signals 
must be kept small enough that none of the outputs will 
exceed these limits. If the LMF100 is operating on ±5 volts, 
for example, the outputs will clip at about 8 Vp.p. The maxi- 
mum Input voltage multiplied by the filter gain should there- 
fore be less than 8 Vp.p. 

Note that if the filter Q is high, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain (Figure 6). As an example, a lowpass filter with a Q of 
10 will have a 20 dB peak In its amplitude response at fo- If 
the nominal gain of the filter (Hqlp) is equal to 1 , the gain at 
fo will be 10. The maximum input signal at fo must therefore 
be less than 800 mVp.p when the circuit is operated on ±5 
volt supplies. 

Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 (Figure 7). The notch 
output will be very small at fo, so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at fo and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdrivihg any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 7 through 17 are equations labeled “circuit dynam- 
ics”, which relate the Q and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 

3.4 OFFSET VOLTAGE 

The LMFIOO’s switched capacitor integrators have a slightly 
higher input offset voltage than found in a typical continuous 
time active filter integrator. Because of National’s new 
LMCMOS process and new design techniques the internal 
offsets have been minimized, compared to the Industry 
standard MF10. Figure 22 shows an equivalent circuit of the 
LMF100 from which the output dc offsets can be calculated. 


Typical values for these offsets with Sa/b tied to V+ are: 

Vqsi = opamp offset = ± 5 mV 

Vos 2 = ±30 mV at 50:1 or 100:1 

Vos 3 = ±15 mV at 50:1 or 100:1 

When Sa/b 's tied to V“, Vos 2 will approximately halve. 

The dc offset at the BP output is equal to the input offset of 
the lowpass integrator (Vqss)- The offsets at the other out- 
puts depend on the mode of operation and the resistor ra- 
tios, as described In the following expressions. 

Mode 1 and Mode 4 

VoS(N) 

= Vosi ( 5+1 + rOLP ) 

VoS(BP) 

= VoS 3 

VOS(LP) 

= VoS(N) - VoS 2 

Mode la 


Vos(N.INV.BP) 


Vos(INV.BP) 

= VoS3 

Vos(LP) 

= Vos(N.INV.BP) - VoS 2 

Mode 1b 

( R2 R2\ R2 

VoS(N) 


VoS(BP) 

= VoS3 

Vc)S(LP) 

_ VOS(N) _ V 0 S 2 

2 2 

Mode 2 and Mode 5 

VoS(N) 

( R 2 \ 1 

\Rp ^ j ^ 1 + R2/R4 


+ VoS2 


1 


V0S3 


1+R4/R2 QV1+R2/R4’ 

Rl||R3||R4 


VoS(BP) 

= VoS3 

VoS(LP) 

= VoS(N) - VoS 2 . 

Mode 3 


VoS(HP) 

= VoS 2 

VoS(BP) 

= Vos3 

VOS(LP) 

= V 0 SI “ ^OS2 


(s) 


VoS3 


(S) 


Rp = R1||R2||R3 

Mode 6a and 6c 

VoS(HP) = VoS2 

VoS(LP) =''osi(i+g + ^)-g 

Mode 6b 

VoS(LP (N.INV)) = VoS 2 
V0S(LP(INV)) = VoSI 


V0S2 
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3.0 Applications Information (Continued) 


LP 



FIGURE 22. Offset Voltage Sources 


TL/H/5645-12 


In many applications, the outputs are ac coupled and dc 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fo and Q. When operating in Mode 3, offsets can 
become excessively large if R 2 and R 4 are used to make 
fcLK^^o significantly higher than the nominal value, especial- 
ly if Q is also high. 

For example, Figure 23 shows a second-order 60 Hz notch 
filter. This circuit yields a notch with about 40 dB of attenua- 
tion at 60 Hz. A notch is formed by subtracting the band- 
pass output of a mode 3 configuration from the input using 


the unused side B opamp. The Q is 10 and the gain is 1 V/V 
in the passband. However, fcLK/^o == 1000 to allow for a 
wide input spectrum. This means that for pin 12 tied to 
ground (100:1 mode), R4/R2 = 100. The offset voltage at 
the lowpass output (LP) will be about 3V. However, this is an 
extreme case and the resistor ratio is usually much smaller. 
Where necessary, the offset voltage can be adjusted by us- 
ing the circuit of Figure 24. This allows adjustment of Vqsi. 
which will have varying effects on the different outputs as 
described in the above equations. Some outputs cannot be 
adjusted this way in some modes, however (Vos(BP) in 
modes 1 a and 3, for example). 
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3.0 Applications Information (Continued) 

5V SUPPLY 



FIGURE 24. Method for Trimming Vqs 


TL/H/5645-13 


3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 

The LMF100 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The LMFIOO’s sampling frequency is 
the same as its clock frequency.) If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is fs/2 + 100 Hz will 
cause the system to respond as though the input frequency 
was fs/2 - 100 Hz. This phenomenon is known as “alias- 
ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than fs/2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
LMF100 to limit the input spectrum. However, since the 
clock frequency is much higher than the center frequency, 
this will often not be necessary. 


Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate (Figure 25). If necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the LMF100 
output. 

The ratio of fcLK fo (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise-sensitive applications, a ratio of 
1 00:1 will result In 3 dB lower output noise for the same filter 
configuration. 

The accuracy of the fcLk/fo ratio is dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in fcLk/^o will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 



TL/H/5645-35 

FIGURE 25. The Sampied-Data Output Waveform 
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National Semiconductor 

LMF380 Triple One-Third Octave 
Switched-Capacitor Active FiSter 

General Description 

The LMF380 is a triple, one-third octave filter set designed 
for use in audio, audiological, and acoustical test and mea- 
surement applications. Built using advanced switched-ca- 
pacitor techniques, the LMF380 contains three filters, each 
having a bandwidth equal to one-third of an octave in fre- 
quency. By combining several LMF380s, each covering a 
frequency range of one octave, a filter set can be imple- 
mented that encompasses the entire audio frequency range 
while using only a small fraction of the number of compo- 
nents and circuit board area that would be required if a con- 
ventional active filter approach were used. The center fre- 
quency range is not limited to the audio band, however. 

Center frequencies as low as 0.125 Hz or as high as 25 kHz 
are attainable with the LMF380. 

The center frequency of each filter is determined by the 
clock frequency. The clock signal can be supplied by an 
external source, or it can be generated by the internal oscil- 
lator, using an external crystal and two capacitors. Since the 
LMF380 has an internal clock frequency divider (^2) and 
an output pin for the half-frequency clock signal, a single 
clock oscillator for the top-octave LMF380 becomes the 
master clock for the entire array of filters in a multiple 
LMF380 application. 


Accuracy is enhanced by close matching of the internal 
components: the ratio of the clock frequency to the center 
frequency is typically accurate to ±0.5%, and passband 
gain and stopband attenuation are guaranteed over the full 
temperature range. 

Features 

s Three bandpass filters with one-third octave center fre- 
quency spacing 

la Choice of internal or external clock 
o No external components other than clock or crystal and 
two capacitors 

Key Specifications 

□ Passband gain accuracy: Better than 0.7 dB over 
temperature 

Q Supply voltage range: ±2V to ±7.5V or +4V to +14V 

Appiications 

□ Real-Time Audio Analyzers (ANSI Type E, Class II) 

□ Acoustical Instrumentation 

□ Noise Testing 



Simplified Block Diagram 


V 

V"- 

GND- 


,+ 16 


OSCILLATOR/ 
LEVEL SHIFTER 


(DIVIDER (-^2) 


BANDPASS 1 
< _ ^CLK 
^ 01 -“ 53 “ 


t _ TLK 
^02- 62.5 


03 80 


- XTAL2 


TL/H/1 1123-1 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Power Dissipation (Note 5) 500 mW 

piease contact the National Semiconductor Sales Maximum Junction Temperature 150“C 

Office/Distributors for availability and specifications. storage Temperature Range -65«C to +150*0 

Total Supply Voltage -0.3Vto+16V eSD Susceptibility (Note 6) 20b0V 

Voltage at Any Pin V--0.3VtoV+ + 0.3V 

Input Current per Pin (Note 3) ±5mA Operating Ratings (Note 1) 

Total Input Current (Note 3) ±20 mA Temperature Range Twin ^ Ta ^ Tmax 

Lead Temperature (Soldering 10 sec.) LMF380CIN, LMF380CIV, 

Dual-ln-Line Package (Plastic) 300°C LMF380CIJ -40®C ^ Ta ^ +85"C 

Surface Mount Package (Note 4) LMF380CMJ -55“C ^ Ta ^ +125“C 

Vapor Phase (60 seconds) 215“C Supply Voltage (V+ - V-) 4.0yto14V 

Infrared (15 seconds) 220‘*C Clock Input Frequency 10 Hzto 1.25 MHz 

Filter EleCtriCdl Cherecteristics The following specifications apply for V+ = +5V, V“ = -5V,andfcLK 
= 320 kHz unless otherwise specified. Boldface limits apply for Tmin to TmaxI all other limits apply for Ta = Tj = 25“C. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

Limit 
(Note 8) 

Units 

(Limit) 

^CLK:f01 

Clock-to-Center-Frequency Ratio, Filter 1 


50:1 



fCLK:f02 

Clock-to-Center-Frequency Ratio, Filter 2 


62.5:1 



^CLK:f03 

Clock-to-Center-Frequency Ratio, Filter 3 


80:1 



Al 

Gain at fi = 3720 Hz (Filter 1), 

2960 Hz (Filter 2), 2340 Hz (Filter 3) 

(Note 9) 

-32 

-30 

dB (max) 

A2 

Gain at f 2 = 6080 Hz (Filter 1), 

4820 Hz (Filter 2), 3820 Hz (Filter 3) 

(Note 9) 

+ 0.1 

0.1 ± 0.7 

dB (max) 

As 

Gain at fa = 6200 Hz (Filter 1 ), 

4960 Hz (Filter 2), 3940 Hz (Filter 3) 

(Note 9 

0.0 

-0.0 ± 0.7 

dB (max) 

A4 

Gain at f 4 = 6400 Hz (Filter 1 ), 

5080 Hz (Filter 2), 4040 Hz (Filter 3) 

(Note 9) 

-0.2 

-0.2 ± 0.7 

dB (max) 

■ 

Gain at fs = 6540 Hz (Filter 1), 

51 80 Hz (Filter 2), 41 20 Hz (Filter 3) 

(Note 9) 

-0.1 

-0.1 ± 0.7 

dB (max) 

■ 

Gain at fe = 6720 Hz (Filter 1), 

5340 Hz (Filter 2), 4240 Hz (Filter 3) 

(Note 9) 

+ 0.15 

-0.15 ± 0.7 

dB (max) 

At 

Gain at fy = 8900 Hz (Filter 1), 

7060 Hz (Filter 2), 5600 Hz (Filter 3) 

(Note 9) 

-22 

-20 

dB (rhax) 

Vos 

Output Offset Voltage, Each Filter 


+ 50 

+ 120 

-30 


En 

Total Output Noise, OUT1 

Total Output Noise, OUT2 

Total Output Noise, OUT3 

0.1 Hz to 20 kHz 

240 

210 

190 


jLiVrms 

Cl 

Maximum Capacitive Load 


200 


PF 


Crosstalk 


-67 


dB 


Clock Feedthrough, Each Filter 

V+ = +5V,V- = -5V 

10 



VOUT 

Output Voltage Swing 

Rl = 5 kft 

m 

+ 3.8 

-4.2 

V (min) 

V (max) 

THD 

Total Harmonic Distortion 

V|N = 1 Vrms, f = fo 

0.05 


% 

Is 

Supply Current 


6.0 

9.0 

mA (max) 
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Logic Input and Output Electrical Characteristics 

The following specifications for V+ = + 5V and V- = -5V unless otherwise specified. Boldface limits apply for Tmin 
Tmaxi all othai' Unfi'ts apply for Ta = Tj = +25°C. 


Symbol 

Parameter 

j Conditions 

Typical 
(Note 7) 

Tested 

Limit 
(Note 8) 

Units 

(Limit) 

VlH 

XTAL1 

Logical “1” 

V+ = 5V,V- = -5V 


+ 3.0 

V (min) 

VlL 

CMOS Clock 

Logical “0” 



-3.0 

V (max) 

V|H 

Input Voltage 

Logical “1” 

V+ = 10V, V- = OV 


+ 8.0 

V (min) 

VlL 


Logical “0” 



+ 2.0 

V (max) 

ViH 


Logical “1” 

V+ = 2.5V, V- = -2.5V 


+ 1.5 

V (min) 

V|L 


Logical “0” 



-1.5 

V (max) 

V|H 


Logical “1” 

V+=5V,V- = 0V 


+ 4.0 

V (min) 

V|L 


Logical “0” 



+ 1.0 

V (max) 

VOH 

Clock Output Logical “1” 

•out = - 1 mA 


V+ - 1.0 

V (min) 

VoL 

Clock Output Logical “0” 

Iqut = + 1 mA 


V- + 1.0 

V (max) 

l|N 

Input Current XTAL1 



±20 

jllA (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditions. 

Note 2: All voltages are measured with respect to GND unless othenvise specified. 

Note 3: When the input voltage (V|n) at any pin exceeds the power supplies (V|n < V“ or V|n > V+), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 

Note 4: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any volume of the Linear 
Data Book Rev. 1 for other methods of soldering surface mount devices. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is a function of Tj^ax. ^JA. and the ambient temperature, Ta- The 
maximum allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/^ja or the number given in the Absolute Maximum Ratings, whichever is lower. 
For guaranteed operation, Tj^ax "= 125‘’C. The typical thermal resistance (0 ja) of the LMF380N when board-mounted is 5VC.VJ. 0ja is typically 52°C/W for the 
LMF380J, and 86”C/W for the LMF380V. 

Note 6: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 7: Typicals are at Tj = 25“C and represent the most likely parametric norm. 

Note 8: Limits are guaranteed to National’s Averge Outgoing Quality Level (AOQL). 

Note 9: The nominal test frequencies are; fi = 0.58 fo. f 2 = 0-95 ^o. ^3 = 0-98 fo. U = fo. ^5 = 1-02 fo, fe = 1-05 fo. and ij = 1.39 fg- The actual test 
freq uencies listed in the table may differ slightl y from t he no minal v a lue s. ^ 
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OFFSET VOLTAGE (mV) NEGATIVE SWING (V) POWER SUPPLY CURRENT (mA) 


Typical Performance Characteristics 



Power Supply Current 
vs Power Supply Voltage 



2 3 4 5 6 7 

POWER SUPPLY VOLTAGE (±V) 


Negative Output Swing 
vs Load Resistance 



1 10 100 


LOAD RESISTANCE (kn) 

Offset Voltage 



2 3 4 5 6 7 

SUPPLY VOLTAGE (±V) 


Power Supply Current 



-55-35 -15 5 25 45 65 85 105 125 
1 ^, AMBIENT TEMPERATURE («C) 

Positive Output Swing 
vs Temperature 


Positive Output Swing 
vs Load Resistance 
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Negative Output Swing 
vs Temperature 
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Connection Diagrams 

Dual-In-Line Package 


GND — 

1 


16 

— 

N.C.— 

2 


15 

— N.C. 

OUTS — 

3 


14 

— INS 

0UT2 — 

4 


13 

— N.C. 

0UT1 — 

5 


12 

— IN2 

XTAL1 — 

6 


11 

— INI 

XTAL2 — 

7 


10 

— CLK OUT 

V“ — 

8 


9 

— N.C. 


TL/H/1 1123-2 

Top View 

Order Number LMF380CIJ, LMF380CMJ or LMF380CIN 
See NS Package Number J16A or N16E 

Plastic Chip Carrier Package 



TL/H/1 1123-3 

Top View 

Order Number LMF380CIV 

See NS Pa ck ag e Number V20A 

Pin Description 

GND This is the analog ground reference for the 

LMF380. In split supply applications, GND 
should be connected to the system ground. 
When operating the LMF380 from a single 
positive power supply voltage, pin 1 should 
be connected to a “clean” reference volt- 
age midway between V+ and V~. 

N.C. These pins are not connected to the inter- 

nal circuitry. 

OUT 1 , OUT2, These are the outputs of the filters. 

OUT3 

XTAL1 This is the crystal oscillator input pin. When 

using the internal oscillator, the crystal 
should be tied between XTAL1 and XTAL2. 
XTAL1 also serves as the input for an exter- 
nal CMOS-level clock. 

XTAL2 This is the output of the internal crystal 

oscillator. When using the internal oscilla- 
tor, the crystal should be tied between 
XTAL1 and XTAL2. 

V~ This is the negative power supply pin. It 

should be bypassed with at least a 0.1 /xF 
ceramic capacitor. For best results, a 


1.0 jaF to 10.0 fxF tantalum capacitor 
should also be used. For single-supply op- 
eration, connect this pin to system ground. 
CLOCK OUT This is the clock output pin. It can drive the 
clock inputs (XTAL1) of additional LMF380s 
or other components. The clock output fre- 
quency is one-half the clock frequency at 
XTAL1. 

INPUT1 , These are the signal inputs to the filters. 
INPUT2, 

INPUT3 

V+ This is the positive power supply pin. It 

should be bypassed with at least a 0.1 /xF 
ceramic capacitor. For best results, a 1.0 
jixF to 10.0 jlxF tantalum capacitor should 
also be used. 

Functional Description 

The LMF380 contains three fourth-order Chebyshev band- 
pass filters whose center frequencies are spaced one-third 
of an octave apart, making it ideal for use in “real time” 
audio spectrum analysis applications. As with other 
switched-capacitor filters, the center frequencies are pro- 
portional to the clock frequency applied to the 1C; the center 
frequencies of the LMF380’s three filters are located at 
fcLK/50, fcLK/62.5, and fcLK/80. 

The three filters in an LMF380 cover a full octave In fre- 
quency, so that by using several LMF380s with clock fre- 
quencies separated by a factor of 2n, a complex audio pro- 
gram can be analyzed for frequency content over a range of 
several octaves. To facilitate this, the CLK OUT pin of the 
LMF380 supplies an output clock signal whose frequency Is 
one-half that of the incoming clock frequency. Therefore, a 
single clock source can provide the clock reference for all of 
the 30 filters (1 0LMF380s) in a real time analyzer that cov- 
ers the entire 10-octave audio frequency range. The 
LMF380 contains an internal clock oscillator that requires 
an external crystal and two ca pacito rs to o perate. Si ng e the 
cloclTdlvider is on-boardT^ly a single crystal is needed for 
the top-octave filter chip; the remaining devices can derive 
their clock signals from the master. If desired, an external 
oscillator can be used instead. 

Figure 1 shows the magnitude versus frequency curves for 
the three filters In the LMF380. Separate input and output 
pins are provided for the three internal filters. The input pins 
will normally be connected to a common signal source, but 
can also be connected to separate input signals when nec- 
essary. 



1000 10000 
FREQUENCY (Hz) 

TL/H/1 11 23-6 

FIGURE 1. Response curves for the three filters in the 
LMF380. The clock frequency is 250 kHz. 
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Applications Information 

POWER SUPPLIES 

The LMF380 can operate from a total supply voltage (V+ — 
V”) ranging from 4.0V up to 14V, but the choice of supply 
voltage can affect circuit performance. The IC depends on 
MOS switches for its operation. All such switches have in- 
herent “ON” resistances, which can cause small delays in 
charging internal capacitances. Increasing the supply volt- 
age reduces this “ON” resistance, which improves the ac- 
curacy of the filter in high-frequency applications. The maxi- 
mum practical center frequency Improves by roughly 10% to 
20% when the supply voltage increases from 5V to 10V. 
Dynamic range is also affected by supply voltage. The maxi- 
mum signal voltage swing capability increases as supply 
voltage Increases, so the dynamic range is greater with 
higher power supply voltages. It Is therefore recommended 
that the supply voltage be kept near the maximum operating 
voltage when dynamic range and/or high-frequency per- 
formance are Important. 

As with all switched-capacitor filters, each of the LMF380’s 
power supply pins should be bypassed with a minimum of 
0.1 |ulF located close to the chip. An additional 1 |liF to 
10 jaF tantalum capacitor on each supply pin is recommend- 
ed for best results. 

Sampled-Data System 
Considerations 

CLOCK CIRCUITRY 

The LMF380’s clock input circuitry accepts an external 
CMOS-level clock signal at XTAL1, or can serve as a self- 
contained oscillator with the addition of an external 1 MHz 
crystal and two 30 pF capacitors (see Figure 3). 

The Clock Output pin provides a clock signal whose fre- 
quency is one-half that of the clock signal at XTAL1. This 
allows multiple LMF380S to operate from a single internal or 
external clock oscillator. 

CLOCK FREQUENCY LIMITATIONS 

The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter’s offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 

At higher clock frequencies, performance deviations are 
due primarily to the reduced time available for the Internal 
operational amplifiers to settle. For this reason, when the 
filter clock is externally generated, care should be taken to 
ensure that the clock waveform’s duty cycle is as close to 
50% as possible, especially at high clock frequencies. 

OUTPUT STEPS 

Because the LMF380 uses switched-capacitor techniques, 
its performance differs in several ways from non-sampled 
(continuous) circuits. The analog signal at any input is sam- 
pled during each filter clock cycle, and since the output volt- 
age can change only once every clock cycle, the result Is a 
discontinuous output signal. The output signal takes the 
form of a series of voltage “steps”, as shown in Figure 2 for 
clock-to-center-frequency ratios of 50:1 and 100:1. 



TL/H/1 1123-8 

FIGURE 2. Switched-Capacitor Filter Output Waveform. 
Note the sampling “steps”. 

ALIASING 

Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency, fs- (The LMF380’s sampling fre- 
quency is the same as the filter clock frequency). If a signal 
with a frequency greater than one-half the sampling fre- 
quency is applied to the input of a sampled-data system, it 
will be “reflected” to a frequency less than one-half the 
sampling frequency. Thus, an input signal whose frequency 
is fs/2 + 10 Hz will cause the system to respond as though 
the input frequency was fs/2 - 10 Hz. If this frequency 
happens to be within the passband of the filter, it will appear 
at the filter’s output, even though it was not present in the 
input signal. This phenomenon is known as “aliasing”. Ali- 
asing can be reduced or eliminated by limiting the input sig- 
nal spectrum to less than fs/2. In some cases, it may be 
necessary to use a bandwidth-limiting filter (often a simple 
passive RC low-pass) between the signal source and the 
switched-capacitor filter’s input. In the application example 
shown In Figure 3, two LMF60 6th-order low-pass filters pro- 
vide anti-aliasing filtering. 

OFFSET VOLTAGE 

Switched-capacitor filters often have higher offset voltages 
than non-sampling filters with similar topologies. This is due 
to charge injection from the MOS switches into the sampling 
and integrating capacitors. The LMF380’s offset voltage 
ranges from a minimum of -30 mV to a maximum of 
+ 120 mV. 

NOISE 

Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, “thermal” noise component 
whose amplitude is typically on the order of 210 jaV. The 
other kind of noise is digital clock feedthrough. This will 
have an amplitude in the vicinity of 10 mV peak-to-peak. In 
some applications, the clock noise frequency is so high 
compared to the signal frequency that it is unimportant. In 
other cases, clock noise may have to be removed from the 
output signal with, for example, a passive low-pass filter at 
the LMF380’s output (see Figure 4). 

INPUT IMPEDANCE 

The LMF380’s input pins are connected directly to the inter- 
nal biquad filter sections. The input impedance Is purely ca- 
pacitive and is approximately 6.2 pF at each input pin, in- 
cluding package parasitics. 
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Typical Applications (Continued) 

THIRD-OCTAVE ANALYZER FILTER SET 

The circuit shown in Figure 3 uses the LMF380 to imple- 
ment a Va-octave filter set for use In “real time” audio pro- 
gram analyzers. Ten LMF380s provide all of the bandpass 
filtering for the full audio frequency range. The power supply 
connections are not shown, but each power supply pin 
should be bypassed with a 0.1 |ulF ceramic capacitor In par- 
allel with a 1 p,F tantalum capacitor. 

The first LMF380, at the top of Figure 3, handles the highest 
octave, with center frequencies of 20 kHz, 16 kHz, and 
12.6 kHz. It also contains the 1 MHz master clock oscillator 
for the entire system. Its Clock Out pin provides a 500 kHz 
clock for the second LMF380, which supplies 250 kHz to 
the third LMF380, and so on. 

If the audio input signal were applied to all of the LMF380 
input pins, aliasing might occur in the lower frequency filters 
due to audio components near their clock frequencies. For 
example, the LMF380 at the bottom of Figure 3 has a clock 
frequency equal to 1.953125 kHz. An input signal at 
1.93 kHz will be aliased down to 23.125 Hz, which is near 
the band center of the 24.4 Hz bandpass filter and will ap- 
pear at the output of that filter. 

This problem is solved by two LMF60-100 6th order Butter- 
worth low-pass filters serving as anti-aliasing filters, as 
shown in Figure 3. The first LMF60-100 is connected to the 
input signal. The clock for this LMF60 is 250 kHz and comes 
from pin 10 of the second LMF380. The cutoff frequency is 
therefore 2.5 kHz. The output of this first LMF60-100 drives 
the inputs of the fifth, sixth, and seventh LMF380S. The sev- 
enth LMF380 has a 15.625 kHz clock, so aliasing will begin 
to become a problem around 1 5.2 kHz. With a sixth-order, 
2.5 kHz low-pass filter preceding this circuit, the attenuation 
at 15.2 kHz Is theoretically about 94 dB, which prevents 
aliasing from occuring at this bandpass filter. 

The output of the first LMF60 also drives the input of the 
second LMF60, which provides anti-aliasing filtering for the 
three LMF380s that handle the lowest part of the audio fre- 
quency spectrum. 

Note that no anti-aliasing filtering is provided for the four 
LMF380S at the top of Figure 3. These devices will not en- 
counter aliasing problems for frequencies below about 
120 kHz; If higher Input frequencies are expected, an addi- 
tional low-pass filter at V|n may be required. 

DETECTORS 

In a real-time analyzer, the amplitude of the signal at the 
output of each filter is displayed, usually in “bar-graph” 
form. The AC signal at the output of each bandpass filter 
must be converted to a unipolar signal that is appropriate for 
driving the display circuit. 

The detector can take any of several forms. It can respond 
to the peaks of the input signal, to the average value, or to 
the rms value. The best type of detector depends on the 
application. For example, peak detectors are useful when 
monitoring audio program signals that are likely to overdrive 
an amplifier. Since the output of the peak detector is propor- 


tional to the peak signal voltage, it provides a good indica- 
tion of the voltage swing. Generally, the output of the peak 
detector must have a moderately fast (about 1 ms) attack 
time and a much slower (tens or hundreds of milliseconds) 
decay time. The actual attack and decay times depend on 
the expected application. An average detector responds to 
the average value of the rectified input signal and provides a 
good solution when measuring random noise. An average 
detector will normally respond relatively slowly to a rapid 
change in input amplitude. An rms detector gives an output 
that Is proportional to signal power, and Is therefore useful 
in many instrumentation applications, especially those that 
Involve complex signals. 

Peak detectors and average-responding detectors require 
precision rectifiers to convert the bipolar input signal into a 
unipolar output. Half-wave rectifiers are relatively inexpen- 
sive, but respond to only one polarity of input signal; there- 
fore, they can potentially ignore information. Full-wave recti- 
fiers need more components, but respond to both polarities 
of Input signal. Examples of half- and full-wave peak- and 
average-responding detectors are shown in Figure 4. The 
component values shown may need to be adjusted to meet 
the requirements of a particular application. For example, 
peak detector attack and decay times may be changed by 
changing the value of the “hold” capacitor. 

The input to each detector should be capacitively-coupled 
as shown in Figure 4. This prevents any errors due to volt- 
age offsets in the preceding circuitry. The cutoff frequency 
of the resulting high-pass filter should be less than half the 
center frequency of the band of interest. 

Note that a passive low-pass filter is shown at the input to 
each detector in Figure 4. These filters attenuate any clock- 
frequency signals at the outputs of the third-octave 
switched-capacitor filters. The typical clock feedthrough at a 
filter output is 10 mV rms, or 40 dB down from a nominal 
1 Vrms signal amplitude. When more than 40 dB dynamic 
range is needed, a passive low-pass filter with a cutoff fre- 
quency about three times the center frequency of the band- 
pass will attenuate the clock feedthrough by about 24 dB, 
yielding about 64 dB dynamic range. The component values 
shown produce a cutoff frequency of 1 kHz; changing the 
capacitor value will alter the cutoff frequency in inverse pro- 
portion to the capacitance. 

The offset voltage of the operational amplifier used in the 
detector will also affect the detector’s dynamic range. The 
LF353 used in the circuits in Figure 3 is appropriate for sys- 
tems requiring up to 40 dB dynamic range. 

DISPLAYS 

The output of the detector will drive the Input of the display 
circuit. An example of an LED display driver using the 
LM3915 is shown in Figure 5. The LM3915 drives 10 LEDs 
with 3 dB steps between LEDs; the total display range for an 
LM3915 is therefore 27 dB. Two LM3915S can be cascaded 
to yield a total range of 57 dB. See the LM3915 data sheet 
for more information. 
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National Semiconductor 


MF4 4th Order Switched Capacitor Butterworth 

Lowpass Filter 


General Description 

The MF4 is a versatile, easy to use, precision 4th order 
Butterworth low-pass filter. Switched-capacitor techniques 
eliminate external component requirements and allow a 
clock-tunable cutoff frequency. The ratio of the clock fre- 
quency to the low-pass cutoff frequency is internally set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock Input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or for tighter cutoff frequency control an 
external TTL or CMOS logic compatible clock can be ap- 
plied. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF4 sec- 
tions together for higher order filtering. 


Features 

■ Low Cost 

■ Easy to use 

Ea 8-pin mini-DIP or 14-pin wide-body S.O. 

B No external components 
Q 5V to 14V supply voltage 
B Cutoff frequency range of 0.1 Hz to 20 kHz 
B Cutoff frequency accuracy of ± 0.3 %• typical 
B Cutoff frequency set by external clock 
B Separate TTL and CMOS/Schmitt-trigger clock inputs 


Block and Connection Diagrams 


FiLTER 

OUT 



Dual-In-Line Package 


CLK IN 


FILTER 

IN 

CLKR — 

2 7 

— V-*- 

L. Sh 

3 6 

— A6ND 



4 S 

FILTER 



OUT 


TL/H/5064-2 

Order Number MF4CN-50 
orMF4CN-100 

See NS Package Number NOSE 


Small-Outline 
Wide-Body Package 



Order Number MF4CWM-50 
or MF4CWM-100 
See NS Package Number M14B 
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Absolute Maximum Ratings (Notes i , 2) information: 

^ ' • N Package: 10 sec. 260*C 

If Military/ Aerospace specified devices are required, • SO Package: Vapor Phase (60 sec.) 215”C 

please contact the National Semiconductor Sales Infrared (15 sec.) 220°C 

Office/Distributors for availability and specifications. « am ..o *• *u -j -j -ru • * 

’ ^ See AN-450 Surface Mounting Methods and Their Effect 

Supply Voltage (V+-V ) 14V on Product Reliability” for other methods of soldering sur- 

Voltage At Any Pin V+ + 0.2V face mount devices. 

V- - 0.2V 

Input Current at Any Pin (Note 14) 5 mA OpGfdtinQ RdtinQS (Note 2) 

Package Input Current (Note 14) 20 mA Temperature Range T^in ^ Ta ^ T^ax 

Power Dissipation (Note 1 5) 500 mW MF4CN-50, MF4CN-100 0“C ^ Ta ^ 70‘’C 

storage Temperature 150»C MF4CWM-50, MF4CWM.100 0-C ^ Ta S 70»C 

ESDSusceptibility(Note13) 800V Supply Voltage (V+-V-) 5Vto14V 

Filter EleCtriCdl Chdrscteristics The following specifications apply for fcLK ^ 250 kHz (see Note 5) unless 
otherwise specified. Boldface limits apply for Tmin to Tmax! all other limits Ta = Tj = 25‘’C. 

Parameter 

Conditions 

MF4-50 

MF4-100 

Unit 

Typical 
(Note 10) 

Tested 
Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Typical 
(Note 10) 

Tested 
Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

V+ = +5V,V- = -5V 

fc, Cutoff Frequency 
Range (Note 3) 

Min 

Max 




0.1 

20k 



0.1 

10k 

Hz 

Supply Current 

folk = 250 kHz 

2.5 

3.5 

3.5 

2.5 

3.5 

3.5 

mA 

Maximum Clock 

Feedthrough 

(Peak-to-Peak) 

Filter Output 

Vin = OV 

25 



25 



mV 

Ho, DC Gain 

f^source ^ 2 kft 

0.0 

±0.15 

± 0.15 

0.0 

±0.15 

± 0.15 

dB 

fcik/fc> Clock to Cutoff 

Frequency Ratio 


49.96 

±0.3% 

49.96 

±1% 


99.09 

±0.3% 

99.09 

±1.0% 



fclk/fc Temperature 

Coefficient 


±15 



±30 



ppm/®C 

Stopband Attenuation (Min) 

at2fc 

-25.0 




-24.0 


dB 

DC Offset Voltage 


-200 



-400 



mV 

Minimum Output Swing 

Rl = 10 kn 

+ 4.0 
-4.5 






V 

V 

iSBHH 

Source 

Sink 


50 

1.5 






mA 

mA 

Dynamic Range (Note 4) 


80 



82 



dB 

Additional Magnitude 

Response Test Points 

(Note 6) 

folk = 250 kHz 

f = 6000 Hz 


-7.57 

±0.47 

- 7.57 

± 0.47 





f = 4500 Hz 


-1.44 

±0.12 

- 1.44 

± 0.12 




f = 3000 Hz 





-7.21 

±0.2 

- 7.21 

± 0.2 

dB 

f = 2250 Hz 
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Filter Electrical Characteristics The following specifications apply for fcLK ^ 250 kHz (see Note 5) unless 
otherwise specified. Boldface limits apply for Tmin *0 TmaxI all Ta = Tj = 25‘’C. (Continued) 






MF4-50 

MF4-100 


Parameter 


Conditions 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Unit 

V+ = +2.5V,V 

- = _ 

2.5V 









fc Cutoff Frequency 

min 




0.1 



0.1 

Hz 

Range (Note 3) 


max 




10k 



5k 

Supply Current 

fcik = 250 kHz 

1.5 

2.25 

2.25 

1.5 

2.25 

2.25 

mA 

Maximum Clock 











Feedthrough 

Filter Output 

> 

o 

II 

c 

> 

15 



15 



mV 

(Peak-to-Peak) 











Ho, DC Gain 

l^source ^ 2 kH 

0.0 

±0.15 

±0.15 

0.0 

±0.15 

±0.15 

dB 

fcik/^c Clock to Cutoff 



50.07 

50.07 


99.16 

99.16 



Frequency Ratio 




±0.3% 

±1.0% 


±0.3% 

±1.0% 



fcLk/^c Temperature 

Coefficient 


±25 



±60 



ppm/“C 

Stopband Attenuation (Min) 

at2fc 

-25.0 

-24.0 

-24.0 

-25.0 

-24.0 

-24.0 

dB 

DC Offset Voltage 


-150 



-300 



mV 

Minimum Output Swing 


Rl = lOkft 

±1.5 

±1.0 

+ 1.0 

±1.5 

±1.0 

±1.0 

V 





-2.2 

-1.7 

-1,7 

-2.2 

-1.7 

-1.7 

V 

Output Short Circuit 

Source 





28 



mA 

Current (Note 8) 


Sink 





0.5 



mA 



78 



78 



dB 

Additional Magnitude 
Response Test Points 


fcik = 250 kHz 








(Note 6) 





-7.57 

-7.57 




dB 

(fc = 5 kHz) 



f = 6000 Hz 


±0.47 





Magnitude^t 



T= 4500 Hz 


-1.46 





dB 






±0.12 





(fc = 2.5 kHz) 



f = 3000 Hz 





-7.21 

-7.21 


Magnitude 








±0.2 

±0.2 

dB 




f = 2250 Hz 





-1.39 

±0.1 

-1.39 

±0.1 


Logic Input-Output Characteristics The following specifications apply for V~ = OV (see Note 7) unless 
otherwise specified. Boldface limits apply for Tmin to TmaxJ all ^^rniXs Ta = Tj = 26‘’C. 


Parameter 


Conditions 

Typical 
(Note 10) 

Tested 

Limit 

Design 

Limit 

Unit 




(Note 11) 

(Note 12) 


SCHMITT TRIGGER 

Vy+ , Positive Going Threshold 

Min 

V+ = 10V 

7.0 

6.1 

6.1 

V 

Voltage 

Max 



8.9 



Min 

< 

+ 

II 

Ol 

< 

3.5 

3.1 

3.1 

yj 


Max 


4.4 

4.4 
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LOQiC lnput”0utput ChdrdCtGriStiCS Ihe following specifications apply for V~ = OV (see Note 7) unless 
othenvise specified. Boldface limits apply for Tmin to TmaxJ aH other limits Ta = tj = 25®C. (Continued) 

Parameter 

Conditions 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Unit 

SCHMITT TRIGGER (Continued) 

Vj_, Negative Going Threshold 
Voltage 

Min 

Max 

V+ = 10V 

3.0 

1.3 

3.8 

1.3 

3.8 

V 

Min 

Max 

< 

+ 

li 

Ol 

< 

1.5 

0.6 

1.9 

0.6 

1.9 

V 

Hysteresis (Vj+ -Vj_) 

Min 

Max 

V+ = 10V 

4.0 

2.3 

7.6 

2.3 

7.6 

V 

Min 

Max 

< 

+ 

II 

Ol 

< 

2.0 

1.2 

3.8 

1.2 

3.8 

V 

Minimum Logical “1” Output Voltage 
(pin 2) 

Iq = —10 ju,A 

V+ = 10V 


9.0 

9.0 

V 

V+ = 5V 


4.5 

4.5 

V 

Maximum Logical “0” Output Voltage 
(pin 2) 

Iq = 1 0 juA 

V+ == 10V 


1.0 

1.0 

V 

V+ = 5V 


0.5 

0.5 

V 

Minimum Output Source Current 
(pin 2) 

CLK R Shorted 
to Ground 

V+ = 10V 

6.0 

3.0 

3.0 

mA 

V+ = 5V 

1.5 

0.75 

0.75 

mA 

Maximum Output Sink Current 
(pin 2) 

CLK R Shorted 
toV+ 

V+ = 10V 

5.0 

2.5 

2.5 

mA 

V+ = 5V 

1.3 

0.65 

0.65 

mA 

TTL CLOCK INPUT, CLK R PIN (Note 9) 

Maximum V|l, Logical “0” Input Voltage 


0.8 



V 

Minimum Vm, Logical “1” Input Voltage 


2.0 



V 

Maximum Leakage Current at CLK R Pin 

L. Sh Pin at Mid-Supply 

2.0 



fxA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. AC and DC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to GND. 

Note 3: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 4: For ±5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 280 jutVrms for 
the MF4-50 and 230 jaVrms for the MF4-100. For ±2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwidth is typically 130 juVrms for both the MF4-50 and the MF4-100. 

Note 5: The specifications for the MF4 have been given for a clock frequency (fcLk) of 250 kHz or less. Above ths clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±0.6% but the filter still maintains Its magnitude characteristics. See Application Hints. 

Note 6: Besides checking the cutoff frequency (fc) and the stopband attenuation at 2 fc, two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. 

Note 7: For simplicity all the logic levels have been referenced to V“ = OV (except for the TTL input logic levels). The logic levels will scale accordingly for ±5V 
and ±2.5V supplies. 

Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that 
output to the positive supply. These are worst case conditions. 

Note 9: The MF4 is operating with symmetrical split supplies and L. Sh is tied to ground. 

Note 10: Typicals are at 25*’C and represent most likely parametric norm. 

Note 11: Guaranteed to National’s Average Outgoing Quality Level (AOOL). 

Note 12: Guaranteed, but not 100% production tested. These limits are not used to determine outgoing quality levels. 

Note 13: Human body model; 100 pF discharged through a 1.5 kft resistor. 

Note 14: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 15: Thermal Resistance 

0JA (Junction to Ambient) N Package 1 05'’C/W. 

8ja M Package 95’C/W. 
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Pin Descriptions 


(Numbers in ( ) are for 14-pin package.) 

Pin Pin 
# Name 


Function 


1 CLKIN A CMOS Schmitt-trigger input to be used 
(1 ) with an external CMOS logic level clock. 

Also used for self clocking Schmitt-trigger 
oscillator (see section 1.1). 


2 CLK R A TTL logic level clock input when in split 
(3) supply operation ( ± 2.5V to ± 7V) with L. Sh 

tied to system ground. This pin becomes a 
low impedance output when L. Sh is tied to 
V“. Also used in conjunction with the CLK 
IN pin for a self clocking Schmitt-trigger 
oscillator (see section 1 .1). The TTL input 
signal must not exceed the supply voltages 
by more than 0.2V, 


3 L. Sh Level shift pin; selects the logic threshold 
(5) levels for the clock. When tied to V“ it 

enables an internal tri-state buffer stage 
between the Schmitt trigger and the internal 
clock level shift stage thus enabling the 
CLK IN Schmitt-trigger input and making the 
CLK R pin a low impedance output. When 
the voltage level at this input exceeds 25% 
(V+ - V-) + V~ the internal tri-state 
buffer is disabled allowing the CLK R pin to 
become the clock input for the internal 
clock level-shift stage. The CLK R threshold 
level Is now 2V above the voltage on the L. 
Sh pin. The CLK R pin will be compatible 
with TTL logic levels when the MF4 is 
operated on split supplies with the L. Sh pin 
connected to system ground. 


5 FILTER The output of the low-pass filter. It will 
(8) OUT typically sink 0.9 mA and source 3 mA and 
swing to within 1 V of each supply rail. 


6 AGND The anald^^round pin. This pin sets the DC 
(1 0) bias level for the filter section and must be 

tied to the system ground for split supply 
operation or to mid-supply for single supply 
operation (see section 1 .2). When tied to 
mid-supply this pin should be well 
bypassed. 

7,4 V+,V“The positive and negative supply pins. The 
(7, 1 2) total power supply range is 5V to 1 4V. 

Decoupling these pins with 0.1 jaF 
capacitors is highly recommended. 


8 FILTER The input to the low-pass filter. To minimize 
(14) IN gain errors the source impedance that 

drives this input should be less than 2K (see 
section 1.3 of the Application Hints). For 
single supply operation the input signal 
must be biased to mid-supply or AC coupled 
through a capacitor. 


1.0 MF4 Application Hints 

The MF4 is a non-inverting unity gain low-pass fourth-order 
Butterworth switched-capacitor filter. The switched-capaci- 
tor topology makes the cutoff frequency (where the gain 
drops 3.01 dB below the DC gain) a direct ratio (100:1 or 


50:1) of the clock frequency supplied to the filter. Internal 
Integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance Section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the Integrators. The 
clock-to-cutoff-frequency ratio (fcLKU 's set by the ratio of 
the input and feedback capacitors in the integrators. The 
higher the clock-to-cutoff-frequency ratio the closer this ap- 
proximation Is to the theoretical Butterworth response. The 
MF4 is available in fcLk/^c ratios of 50:1 (MF4-50) or 100:1 
(MF4-100). 


1.1 CLOCK INPUTS 


The MF4 has a Schmitt-trigger Inverting buffer which can be 
used to construct a simple R/C oscillator. Pin 3 is connect- 
ed to V“ which makes Pin 2 a low impedance output. The 
oscillator’s frequency is nominally 


^CLK = 


1 




LVVcc- V t+Z 

Vv^-ZJ 


which, is typically 


( 1 ) 


forVcc = 10V. 


fCLK 


1 

1.69 RC 


(la) 


Note that fcLK is dependent on the buffer’s threshold levels 
as well as the resistor/capacitor tolerance (see Figure 1). 
Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 


Where accurate cutoff frequency Is required, an external 
clock can be used to drive the CLK R input of the MF4. This 
input is TTL logic level compatible and also presents a very 
light load to the external clock source (-^2 p,A). With split 
supplies and the level shift (L. Sh) tied to system ground, 
the logic level is about 2V. (See the Pin Description for L. 
Sh): 


1.2 POWER SUPPLY 

The MF4 can be powered from a single supply or split sup- 
plies. The split supply mode shown in Figure 2 is the most 
flexible and easiest to implement. Supply voltages of ± 5V 
to ±7V enable the use of TTL or CMOS clock logic levels. 
Figure 3 shows AGND resistor-biased to V+/2 for single 
supply operation. In this mode only CMOS clock logic levels 
can be used, and input signals should be capacitor-coupled 
or biased near mid-supply. 


1.3 INPUT IMPEDANCE 

The MF4 low-pass filter Input (FILTER IN) is not a high im- 
pedance buffer input. This input Is a switched-capacitor re- 
sistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the filter’s input can be seen in Figure 4. The Input capacitor 
charges to Vjn during the first half of the clock period; during 
the second half the charge is transferred to the feedback 
capacitor. The total transfer of charge in one clock cycle is 
therefore Q ~ QnVjni and since current is defined as the 
flow of charge per unit time, the average input current be- 
comes 

lin = Q/T 
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1.0 MF4 Application Hints (Continued) 

(where T equals one clock period) or 

lin = = CjnVjnfcLK 

The equivalent input resistor (Rjn) then can be expressed as 
R . Vin- 1 
lin Qn^CLK 

The input capacitor is 2 pF for the MF4-50 and 1 pF for the 
MF4-100, so for the MF4-100 

1 X 1012 1 X 1012 1 X 1010 , 

fCLK "fcXIOO" fc 

and 

5 X 1011 5 X 1011 1 X 1010 

fCLK fcX50" fc 

for the MF4-50. The above equation shows that for a given 
cutoff frequency (y, the input resistance of the MF4-50 is 
the same as that of the MF4-100. The higher the clock-to- 
cutoff-frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. 


This input resistance will form a voltage divider with the 
source impedance (Rsource)- Since Rjn is inversely propor- 
tional to the cutoff frequency, operation at higher cutoff fre- 
quencies will be more likely to load the input signal which 
would appear as an overall decrease In gain to the output of 
the filter. Since the filter’s ideal gain is unity, the overall gain 
Is given by: 

Ay = 

Rjn ^source 

If the MF4-50 or the MF-100 were set up for a cutoff fre- 
quency of 1 0 kHz the input impedance would be: 

1X1010 
“ 10 kHz “ ^ 

In this example with a source impedance of 10K the overall 
gain, if the MF4 had an ideal gain of 1 or 0 dB, would be: 

1 Mil 


Aw — 


lokn + 1 Mn 


^ 0.99009 or -0.086 dB 


Since the maximum overall gain error for the MF4 Is 
±0.15 dB with Rg ^ 2 kft the actual gain error for this case 
would be + 0.06 dB to -0.24 dB. 

1.4 CUTOFF FREQUENCY RANGE 


The filter’s cutoff frequency (y has a lower limit due to 
leakage currents through the internal switches draining the 
charge stored on the capacitors. At lower clock frequencies 
these leakage currents can cause millivolts of error, for ex- 
ample: 

, fCLK = 10P Hz, lieakage = 1 PA. C = 1 pF 


V= 

1 pF(100 Hz) 


= 10 mV 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors limit 
the filter’s accuracy at high clock frequencies. The ampli- 
tude characteristic on ± 5V supplies will typically stay flat 
until fcLK exceeds 750 kHz and then peak at about 0.5 dB 
at the corner frequency with a 1 MHz clock. As supply volt- 
age drops to ± 2.5V, a shift in the fcLK^fc rsl'O occurs 


which will become noticeable when the clock frequency ex- 
ceeds 250 kHz. The response of the MF4 is still a good 
approximation of the ideal Butterworth low-pass characteris- 
tic shown in Figure 5. 

2.0 Designing With The MF4 

Given any low-pass filter specification, two equations will 
come in handy in trying to determine whether the MF4 will 
do the job. The first equation determines the order of the 
low-pass filter required to meet a given response specifica- 
tion: 

- *Qg [(IQQ •''Amin - 1)/(100 iAmax - 1)] 

2log(fs/fb) 

where n is the order of the filter, Amin is the minimum stop- 
band attenuation (in dB) desired at frequency fg, and Af^ax is 
the passband ripple or attenuation (in dB) at cutoff frequen- 
cy fb- If the result of this equation is greater than 4, more 
than a single MF4 is required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn (f) = 10 log [1 + (lOO.lAmax - 1) (f/ySn] dB (3) 
where n = 4 for the MF4. 


2.1 A LOW-PASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 6 is 
given. Can the MF4 be used? The order of the Butterworth 
approximation will have to be determined using (1): 

Amin = 18 dB, Amax = 1:0 cIB, fs = 2 kHz, and fp = 1 kHz 
_ log [(101-8 - 1)/(100-1 -1)] 

2log(2) 

Since n can only take on integer values, n = 4. Therefore 
the MF4 can be used. In general. If n is 4 or less a single 
MF4 stage can be utilized. 

Likewise, the attenuation at fg can be found using (3) with 
the above values and n = 4: , 

Attn (2 kHz) = 10 log [1 + lOO-l - 1) (2 kHz/1 kHz)8] = 
18.28dB 


This result also meets the design specification given in Fig- 
ure 6 again verifying that a single MF4 section will be ade- 
quate. 


Since the MF4’s cutoff frequency (y , which corresponds to 
a gain attenuation of -3.01 dB, was not specified in this 
example, it needs to be calculated. Solving equation 3 
where f = fc as follows: 


_ ^ r (100.1(3.01 dB) - i 1i/(2n) 

^ ^ L (lOO-iAmax - 1) . 


= 1 kHz 


100.301 - i-ji/s 

100.1 - 1 J 


= 1.184 kHz 

where fc = fcLK^^O or fcLK/100- To implement this exam- 
ple for the MF4-50 the clock frequency will have to be set to 
fCLK = 50(1.184 kHz) = 59.2 kHz, or for the MF4-100, fcLK 
= 100 (1.184 kHz) = 118.4 kHz. 


2.2 CASCADING MF4s 

When a steeper stopband attenuation rate is required, two 
MF4s can be cascaded {Figure 7) yielding an 8th order 
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2.0 Designing With The MF4 (Continued) 

slope of 48 dB per octave. Because the MF4 is a Butter- 
worth filter and therefore has no ripple in its passband when 
MF4s are cascaded, the resulting filter also has no ripple in 
its passband. Likewise the DC and passband gains will re- 
main at 1 V/V. The resulting response is shown in Figure 9. 
In determining whether the cascaded MF4s will yield a filter 
that will meet a particular amplitude response specification, 
as above, equations 3 and 4 can be used, shown below. 

_ log[(100-05Amin - l)/(l0.0 05Amax - 1)] 

" 2log(fs/fc) (2) 

Attn (f) = 10 log [ 1 + (lOO OSAmax - 1) (f/fc)2] dB (3) 
where n = 4 (the order of each filter). 

Equation 2 will determine whether the order of the filter is 
adequate (n ^ 4) while equation 3 can determine the actual 
stopband attenuation and cutoff frequency (y necessary to 
obtain the desired frequency response. The design proce- 
dure would be identical to the one shown in section 2.0. 

2.3 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The MF4 will respond favorably to an instantaneous change 
in clock frequency. If the control signal in Figure 9 is low the 


MF4-50 has a 100 kHz clock making fc = 2 kHz; when this 
signal goes high the clock frequency changes to 50 kHz 
yielding fc = 1 kHz. As the Figure illustrates, the output 
signal changes quickly and smoothly in response to a sud- 
den change in clock frequency. 

The step response of the MF4 in Figure 10 is dependent on 
y The MF4 responds as a classical fourth-order Butter- 
worth low-pass filter. 

2.4 ALIASING CONSIDERATIONS 

Aliasing effects have to be considered when input signal 
frequencies exceed half the sampling rate. For the MF4 this 
equals half the clock frequency (fcLk)- When the input sig- 
nal contains a component at a frequency higher than half 
the clock frequency fcLK/2, as in Figure 1 la, that compo- 
nent will be “reflected” about fcLK/2 into the frequency 
range below fcLK/2, as in Figure 11b. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore, if frequency compo- 
nents in the input signal exceed fcLK2 they must be attenu- 
ated before being applied to the MF4 input. The necessary 
amount of attenuation will vary depending on system re- 
quirements. In critical applications the signal components 
above fcLK/2 will have to be attenuated at least to the fil- 
ter’s residual noise level. 



1 

8 

> 

^""11 

cf 

o 

1 

'h< 

+ 


^ 1.69 RC 


(Vcc= 10 V) 
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V,H ^ O.a Vcc IE 

V|l^0.2Vcc •=• 

Vcc = V+ - V- 


- CLK IN 

FILTER IN 

- CLK R 


3 

MF4 

— L.SH 

AGND 

4 _ 


— \r 

FILTER OUT 

0.1 AtF 


:in-rL 


•UcLK IN FILTER IN M 


Hclk R V+I-^ 


3 6 T 

» L.SH AGND 4 

0.1 ziz -L 

I 4 5 ^ 

-5V— 4— V" FILTER OUT - 


FIGURE 2. Split Supply Operation with CMOS Level Clock (a) and TTL Level Clock (b) 


:jirL . 


CLK IN 

FILTER IN 

CLK R 

V* 


MF4 

L.SH 

AGND 

V 

FILTER OUT 


I 0. 1 L 

I > lOkfl 


iokn> zizo.i/iF 


FIGURE 3. Single Supply Operation. ANGD Resistor Biased to V+/2 


NON-OVERUPPING 
. CLOCKS , I 
*2 




a) Equivalent Circuit for MF4 Fiiter Input b) Actual Circuit for MF4 Filter Input 

FIGURE 4. MF4 Filter Input 
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10 100 1.000 10,000 50.000 

FREQUENCY (Hz) 


FIGURE 5a. MF4-100 Amplitude 
Response with ± 5V Suppiies 


FIGURE 5b. MF4-50 Amplitude 
Response with ±5V Suppiies 



FiGURE 5d. MF4>50 Amplitude 
Response with ± 2.5V Supplies 


FIGURE 5c. MF4-100 Amplitude 
Response with +2.5V Supplies 


TL/H/5064-21 



TL/H/5064-22 

FIGURE 6. Design Exampie Magnitude Response Specification where the Response of 
the Fiiter Design must fali within the shaded area of the specification 



7-99 


MF4 



MF4 


FILTER IagND LSH V+ V CLK rI HLTER FILTER IagnD L.SH V* V“ CLK rI HLTER 

" > " [3 " [T [ 4 p * OUT IN He — ■ p "- ^ -T 4" -r 2 OUT 

' ^oTJIf * T ' 0.1 mf 


FIGURE 7. Cascading Two MF4s 



10 100 1000 50 

FREQUENCY (Hz) 

FIGURE 8a. One MF4-50 
vs Two MF4-50S Cascaded 


FREQUENCY (kHz) 

FIGURE 8b. Phase Response 
of Two Cascaded MF4-50s 



^nm 




Mmu. 


TL/H/5064-24 

FIGURE 9. MF4-50 Abrupt Clock Frequency Change 


f|N = 250Hz fcLK = 10DkHz 

TL/H/5064-19 

FIGURE 10. MF4-50 Input Step Response 



AMPLITUDE 




FREQUENCY FREQUENCY 

TL/H/5064-16 TL/H/5064-17 

(a) input signal spectrum (b) Output signal spectrum. Note that the input signal at 

fc/2 + f causes an output signal to appear at fc/2 - f. 


FIGURE 1 1. The phenomenon of aliasing in sampled>data systems. An input signal whose 
frequency is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the MF4, fs = fcuK- 
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National Semiconductor 


MF5 Universal Monolithic Switched Capacitor Filter 


General Description 

The MF5 consists of an extremely easy to use, general pur- 
pose CMOS active filter building block and an uncommitted 
op amp. The filter building block, together with an external 
clock and a few resistors, can produce various second order 
functions. The filter building block has 3 output pins. One of 
the output pins can be configured to perform highpass, all- 
pass or notch functions and the remaining 2 output pins 
perform bandpass and lowpass functions. The center fre- 
quency of the filter can be directly dependent on the clock 
frequency or it can depend on both clock frequency and 
external resistor ratios. The uncommitted op amp can be 
used for cascading purposes, for obtaining additional all- 
pass and notch functions, or for various other applications. 
Higher order filter functions can be obtained by cascading 
several MF5s or by using the MF5 in conjuction with the 
MF10 (dual switched capacitor filter building block). The 
MF5 is functionally compatible with the MF10. Any of the 
classical filter configurations (such as Butterworth, Bessel, 
Cauer and Chebyshev) can be formed. 


Features 

■ Low cost 

■ 14-pin DIP or 14-pin Surface Mount (SO) wide-body 
package 

■ Easy to use 

■ Clock to center frequency ratio accuracy ±0.6% 

■ Filter cutoff frequency stability directly dependent on 
external clock quality 

■ Low sensitivity to external component variations 

■ Separate highpass (or notch or allpass), bandpass, low- 
pass outputs 

■ foXQ range up to 200 kHz 

■ Operation up to 30 kHz (typical) 

■ Additional uncommitted op-amp 


Block and Connection Diagrams 


V- *'''N/AP/HP SI BP U> 



TL/H/5066-1 


BP 

N/AP/HP 

INV1 

SI 

Sa 

v+ 

LSh 


— LP 

— Vo 2 

— INV2 

— AGND 

— V- 

— 50/100 

— CLK 


1 

XT 

14 

2 


13 

3 


12 

4 


11 

5 


10 

6 


9 

7 


8 


Top View 


Order Number MF5CN 
See NS Package Number N14A 

Order Number MF5CWM 
See NS Package Number M14B 


TL/H/5066-2 
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See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V“) 14V 

Power Dissipation Ta = 25°C (note 1) 500 mW 

Storage T emp. 1 50°C 

Soldering Information: 

N Package: 10 sec. 260“C 

SO Package: Vapor phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 


Electrical Characteristics V+ = 5V ± 0.5%, V“ = -5V ± 0.5% unless otherwise noted. Boldface limits 
apply over temperature, Tmin ^ Ta ^ Tmax- For all other limits Ta = 25°C. 


Input Voltage (any pin) 
Operating Temp. Range 
MF5CN, MF5CWM 


V- ^ Vin ^ V+ 
Tmin ^ Ta ^ Tmax 
o°C ^ Ta ^ 70°C 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Supply Voltage 
(V+ - V-) 

Min 




8 

V 

Max 



14 

V 

Maximum Supply Current 

Clock applied to Pin 8 

No Input Signal 

4.5 

6.0 


mA 

Clock 

Feedthrough 

Filter Output 


10 



mV 

Op-amp Output 

10 



mV 


Filter Electrical Characteristics v+ = 5v± 0.5%, v- = -5v± 0.5% unless otherwise noted, sowface 

limits apply over temperature, Tmin ^ Ta ^ Tmax- For all other limits Ta = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Center Frequency 

Range (y 

Max 


30 


20 

kHz 

Min 

0.1 


0.2 

Hz 

Clock Frequency 

Max 


1.5 


1.0 

MHz 

Range (Tclk) 

Min 


5.0 


10 

Hz 

Clock to Center 

Frequency Ratio 
(fCLK/fo) 

Ideal 

0 = 10 
Mode 1 

Vpin9 = +5V 
Fclk~ 250 kHz 

50.11 ± 0.2% 

50.11 ± 1.5% 



Vpin9 = -5V 
Fclk~ 500 kHz 

100.04 ± 0.2% 

100.04 ± 1.5% 



fcLK/*o Temp. 

Coefficient 

Vpin9 = +5V 
(50:1 CLK ratio) 

±10 



ppm/^C 

Vpin9 = -5V 
(100:1 CLK ratio) 

±20 



ppm/“C 

Q Accuracy (Max) 

(Note 2) 

Ideal 
Q=10 
Mode 1 

Vpin9 = +5V 
Folk = 250 kHz 


±10 


% 

Vpin9 = -5V 
Folk = 500 kHz 


±10 


% 

Q Temperature 

Coefficient 

Vpin9 = +5V 
(50:1 CLK ratio) 

-200 



ppm/°C 

Vpin9 = “5V 
(100:1 CLK ratio) 

-70 



ppm/^C 

DC Lowpass Gain 

Accuracy (Max) 

Mode 1 

R1 = R2 = lOkfi 


±0.2 


dB 

DC Offset 

Voltage (Max) 

(Note 3) 

Vosi 


±5.0 



mV 

Vos2 

Vpin9= +5V 
(50:1 CLK ratio) 

-185 



mV 

Vo83 

+ 115 



mV 

Vos2 

Vpin9 = -5V 
(100:1 CLK ratio) 

-310 



mV 

Vos3 

+ 240 



mV 
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Filter Electrical Characteristics V->- = 5 V± 0.5%, v- = -5V± 0.5% unless otherwise noted. Boldface 
limits apply over temperature, Tmin ^ Ta ^ Tmax* For all other limits Ta = 25“C. (Continued) 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Output 

Swing (Min) 

BP, LP pins 

RL = 5kn 

±4.0 

±3.8 


V 

N/AP/HP pin 

RL = 3.5 kn 

±4.2 

±3.8 


V 

Dynamic Range 
(Note 4) 

Vpin9= +6V 
(50:1 CLK ratio) 

83 



dB 

Vpin9= -5V 
(100:1 CLK ratio) 

80 



dB 

Maximum Output Short Circuit 
Current (Note 5) 

Source 


20 



mA 

Sink 

3.0 



mA 


OP-AMP Electrical Characteristics v+ = + 5 v ±0.5%, v- = -sv ±0.5% unless other noted, bow- 

face limits appiy over temperature, Twin ^ Ta ^ Tmax* For all other limits Ta = 25‘’C. 


Parameter 

Conditions 

Typical 
(Note 6) 



Units 

Gain Bandwidth Product 


2.5 



MHz 

Output Voltage Swing (Min) 

RL = 3.5 ka 

±4.2 

±3.8 


V 

Slew Rate 


7.0 



y/fxs 

DC Open-Loop Gain 


80 



db 

Input Offset Voltage (Max) 


±5.0 

±20 


mV 

Input Bias Current 


10 



pA 

Maximum Output 
Short Circuit 

Source 


20 



mA 

Current (Note 5) 

Sink 


3.0 



mA 


LOQIC Input ChdrdCtGriStiCS Boldface limits apply over temperature, Tmin ^ Ta ^ TiyuAx- 

All other limits Ta = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

CMOS Clock 
Input 

Min Logical “1” 
Input Voltage 

V+ = ±5V,V- = -5V, 
VLSh. =0V 


3.0 


V 

Max Logical “0” 
Input Voltage 


-3.0 


V 

Min Logical “1” 
Input Voltage 

v+ = +ioy,v- = ov, 

VLSh. = +5V 


8.0 


V 

Max Logical “0” 
Input Voltage 


2.0 


V 

TTL Clock 

Input 

Min Logical “1” 
Input Voltage 

V+ = +5V,V- = -5V, 
VLSh. = ov 


2.0 


V 

Max Logical “0” 
Input Voltage 


CO 

d 


V 


Note 1: The typical junction-to-ambient thermal resistance (0 ja) of the 14 pin N package is 160“C/W, and 82*0/ W for the M package. 

Note 2: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading “Typical Performance 
Characteristics”. 

Note 3: Vqsi. Vos 2 . and Vqss refer to the internal offsets as discussed in the Application Information section 3.4. 

Note 4: For ± 5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 p,V rms for 
the MF5 with a 50:1 CLK ratio and 280 ju,V rms for the MF5 with a 100:1 CLK ratio. 

Note 5: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that Is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 

Note 6: Typicals are at 25*0 and represent most likely parametric norm. 

Note 7: Guaranteed and 100% tested. 

Note 8: Guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels. 
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Pin Description 


LP(14), BP(1), 
N/AP/HP(2): 


1NV1(3): 


50/100(9): 


AGND(11): 


The second order lowpass, bandpass, 
and notch/allpass/highpass outputs. The 
LP and BP outputs can typically sink 1 mA 
and source 3 mA. The N/AP/HP output 
can typically sink 1 .5 mA and source 3 
mA. Each output typically swings to within 
IV of each supply. 

The Inverting input of the summing op 
amp of the filter. This is a high impedance 
input, but the non-inverting input is 
internally tied to AGND, making INV1 
behave like a summing junction (low 
impedance current input). 

SI is a signal input pin used in the allpass 
filter configurations (see modes 4 and 5). 
The pin should be driven with a source 
impedance of less than 1 kn. If SI is not 
driven with a signal it should be tied to 
AGND (mid-supply). 

This pin activates a switch that connects 
one of the inputs of the filter’s second 
summer to either AGND (SA tied to V-) 
or to the lowpass (LP) output (SA tied to 
V + ). This offers the flexibility needed for 
configuring the filter In its various modes 
of operation. 

This pin is used to set the internal clock to 
center frequency ratio (fcLk/fo) the 
filter. By tying the pin to V+ an fcLK/to 
ratio of about 50:1 (typically 50.1 1 ± 
0.2%) Is obtained. Tying the 50/100 pin to 
either AGND or V— will set the fcLK'^^o 
ratio to about 100:1 (typically 100.04 ± 
0 . 2 %). 

This is the analog ground pin. This pin 
should be connected to the system 
ground for dual supply operation or biased 
to mid-supply forLsingle supply operatic. 
For a further discussion of mid-supply 
biasing techniques see the Applications 
Information (Section 3.2). For optimum 
filter performance a “clean” ground must 
be provided. 


V+(6),V-(10): 


L Sh(7): 


INV2(12): 


Vo2(13): 


These are the positive and negative 
supply pins. The MF5 will operate over a 
total supply range of 8V to 14V. 
Decoupling the supply pins with 0.1 jixF 
capacitors is highly recommended. 

This is the clock input for the filter. CMOS 
or TTL logic level clocks can be 
accomodated by setting the L. Sh pin to 
the levels described In the L. Sh pin 
description. For optimum filter 
performance a 50% duty cycle clock is 
recommended for clock frequencies 
greater than 200 kHz. This gives each op 
amp the maximum amount of time to 
settle to a new sampled input. 

This pin allows the MF5 to accommodate 
either CMOS or TTL logic level clocks. For 
dual supply operation (i.e., ± 5V), a CMOS 
or TTL logic level clock can be accepted if 
the L. Sh pin Is tied to mid-supply (AGND), 
which should be the system ground. 

For single supply operation the L. Sh pin 
should be tied to mid-supply (AGND) for a 
CMOS logic level clock. The mid-supply 
bias should be a very low impedance 
node. See Applications Information for 
biasing techniques. For a TTL logic level 
clock the L. Sh pin should be tied to V- 
which should be the system ground. 

This is the inverting input of the 
uncommitted op amp. This is a very high 
impedance input, but the non-inverting 
input is Internally tied to AGND, making 
INV2 behave like a summing junction 
(low-impedance current input). 

This Is the output of the uncommitted op 
amp. It will typically sink 1 .5 mA and 
source 3.0 mA. It will typically swing to 
wiLhirTiVof eactr supply. 


Typical Performance Characteristics 


Deviation of yg Nominal Q 

» O 


Deviation of vs Nominai Q 


OPAMP Output Voltage 
Swing vs Temperature 


1.0 10 
NOMIMALQ 


■■iiiiiiiriiiiiiiiii 


1.0 10 
NOMINAI Q 


-55 -15 25 


TEMPERATURE (°C) 
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Typical Performance 
Characteristics (Continued) 

Supply Current vs Temperature 



-55 -15 25 85 125 

TEMPERATURE (“C) 

TL/H/5066-4 


1.0 Definitions Of Terms 

fcLK^ the frequency of the external clock signal applied to 
pin 8, 

f©: center frequency of the second order function complex 
pole pair, fo is measured at the bandpass output of the MF5, 
and Is the frequency of maximum bandpass gain. {Figure 1). 
fnotch^ the frequency of minimum (ideally zero) gain at the 
notch output. 

the center frequency of the second order complex zero 
pair, if any. If fz is different from fo and if Qz is high, it can be 


observed as the frequency of a notch at the ajlpass output. 
{Figure 10). 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass output pf the MF5 and is equal to fo divided by 
the -3dB bandwidth of the 2nd order bandpass filter {Fig- 
ure 1 ). The value of Q determines the shape of the 2nd 
order filter responses as shown in Figure 6. 

Qz*. the quality factor of the second order complex zero pair, 
if any. Qz is related to the allpass characteristic, which is 
written: 


Hap(s) = 




s2 + 2^+a)o2 


where Qz = Q for an all-pass response. 


HoBp: the gain (In V/V) of the bandpass output at f = fo- 
Holp-’ the gain (in V/V) of the lowpass output as f —> 0 Hz 
{Figure 2). 

HoHp: the gain (in V/V) of the highpass output as 
t \o\k/ 2 {Figure 3). 

Hon: the gain (in V/V) of the notch output as f 0 Hz and 
as f fcik/2, when the notch filter has equal gain above 
and below the center frequency {Figure 4 ). When the low- 
frequency gain differs from the high-frequency gain, as in 
modes 2 and 3a {Figures 1 1 and 8 ), the two quantities be- 
low are used In place of Hqn- 


HqnT- the gain (in V/V) of the notch output as f — > 0 Hz. 
Hon 2: the gain (in V/V) of the notch output as f — > fcik/2. 



(a) f (LOG SCALE) TL/H/5066-5 



Hbp(s) = 


HpBpQ 


+ ^ + a)o2 


0 = to = VOS 

ct)o = 27rfo 


FIGURE 1. 2nd-0rder Bandpass Response 



Hlp(S) = 


HpLPftfo^ 

S2 + + 0)^2 


tp = to^l - ^ 


Hop = Holp 



FIGURE 2. 2nd-0rder Low-Pass Response 




Hhp(s)= 


UpHPS^ 




fc ~ fo ^ 
fo ~ fo ^ 


l-FS-' 


(a) I (LOG SCALE) TL/H/5066-9 


(b) 


f (LOG SCALE) TL/H/5066-10 Hop = Hohp X 


FIGURE 3. 2nd-0rder High-Pass Response 


1 rm 

QV 4Q2 
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1.0 Definition of Terms (Continued) 



f (LOG SCALE) 

TL/H/5066-11 

(a) 



f (LOG SCALE) 


Hn(s) = 


Hon(s^ + tJp^) 
O . SCOq , « 

s2 + + COo^ 

fo = VOH 




TL/H/5066-12 


(b) 


FIGURE 4. 2nd-Order Notch Response 



FIGURE 5. 2nd-Order All-Pass Response 


(a) Bandpass 



(b) Low-Pass 





1.0 0.2 0.5 0.1 2 10 

FREQUENCY (Hz) 


(e) All-Pass 



FREQUENCY (Hz) 


FIGURE 6. Responses of various 2nd-order filters 
as a function of Q. Gains and center frequencies 
are normalized to unity. 


TL/H/5066-15 
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2.0 Modes of Operation 

The MF5 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
is appropriate. Since this is cumbersome, and since the 
MF5 closely approximates continuous filters, the following 
discussion is based on the well known frequency domain. 
Each MF5 can produce a full 2nd order function. See Table 
1 for a summary of the characteristics of the various modes. 
MODE 1: Notch 1, Bandpass, Lowpass Outputs: 

fnotch = fo (See Figure 7) 
fo = center frequency of the complex pole pair 

= ^CLK Qr ^CLK 

100 50 


fnotch = center frequency of the imaginary zero pair = fo- 

R2 

Hqlp = Lowpass gain (as f 0) = - — 

R1 

R3 

Hqbp = Bandpass gain (at f = fo) = “ 


Hqn = Notch output gain as f o 

f fcLK/2 


-R2 

Ri 


Q 


_fo_^ R3 
BW R2 


BW = the -3 dB bandwidth of the bandpass output. 
Circuit dynamics: 


Rqlp == or Hqbp = Hqlp x Q = Hqn x Q. 
CJ 

HoLP(peak) — Q X Hqlp (for high Q’s) 


MODE la: Non-Inverting BP, LP (See Figure 8 ) 


fo 


fCLK fCLK 
100 50 

R3 
R2 


Hqlp 

HoBP-i 


“1; HoLP(peak) - Q X Hqlp (for high Q’s) 
_R3 
R2 


H 0 BP 2 ^ (non-inverting) 

Circuit dynamics: HqbPi — Q 

Note: V|N should be driven from a low impedance (<1 kft) 



TL/H/5066-16 
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2.0 Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: fnotch^fo 
(See Figure 9 ) 
fo = center frequency 


= I 1 nr /5? 

100 VR4 50 VR4 


+ 1 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 10) 

- V /9l,^r^^v /5l 

100 ^ VR4 50 ^ VR4 
= quality factor of the complex pole pair 


Q 


Wch ^ fCLK Qr ^CLK 
100 50 

Q = quality factor of the complex pole pair 
= VR2/R4 + 1 
R2/R3 

Hqlp = Lowpass output gain (as f 0) 
R2/R1 
R2/R4 + 1 

Hqbp "= Bandpass output gain (at f = y = 
Hon-i = Notch output gain (as f — > 0) 


/R2 R3 
/ R4 ^ R2 


Hqhp = Highpass gain ^asf 
Hqbp = Bandpass gain (at f = 
Hqlp “ Lowpass gain (as f - 


!2Lk'\ = _ 5? 

2 j R1 
R1 

► 0 ) = 

. R1 


R2/R1 
R2/R4 + 1 


H 0 N 2 = Notch output gain ^asf 


2 ) 


-R3/R1 


-R2/R1 


Circuit dynamics: — = , Hqbp “ VHqhp ^ Rqlp ^ Q 
R4 Hqlp 

RoLP(peak) — Q X Hqlp (for high Q’s) 

HoHP(peak) = Q X Hqhp (for high Q’s) 


Filter dynamics: Hqbp = Q VHqlp H0N2 = Q VHon^ H0N2 



' TL/H/5066-18 


FIGURE 9. MODE 2 


Cc* 

r ■il’ 1 



*ln Mode 3, the feedback loop is closed around 
the input summing amplifier; the finite GBW prod- 
uct of this op amp causes a slight Q enhance- 
ment. If this is a problem, connect a small capaci- 
tor (10 pF-100 pF) across R4 to provide some 
phase lead. 


FIGURE 10. MODE 3 
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2.0 Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op amp 
{See Figure 11) 

, fCLK / R2 fcLK / R2 


jm R3 

R4 ^ R2 


w - 

Hohp - - ^ 


MODE 4: Allpass, Bandpass, Lowpass Outputs (See 
Figure 12) 

fo = center frequency 

= ^CLK ^CLK. 

100 50 ’ 

fz = center frequency of the complex zero pair ^ fo 


notch frequency = ^ or ^ 

^ ^ 100 V R| 50 V R| 

gain of notch at f =fo= ||q ^ ^ Hqlp-^ Hqhp j || 


gain of notch (as f 


gain of notch I as f 


^XHolP 
^) = -^XHohP 


Qz = quality factor of complex zero pair = — 

R I 

For AP output make R1 = R2 
H*oap= Allpass gain ^atO < f < ~ ^ ~ 

Hqlp = Lowpass gain (as f — > 0) 


Bandpass gain (at f = y 
R3/ ^R2\_ ^/R3\ 

R2i^’^Rlj ^VR2/ 


Circuit dynamics: Hqbp = (Hqlp) X Q = (Hqap + 1) Q 

*Due to the sampled data nature of the filter, a slight mismatch of fz and fo 
occurs causing a 0.4 dB peaking around fo of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 




FIGURE 12. MODE 4 
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MODE 6a: Single Pole, HP, LP Filter (See Figure 14) 

fc = cutoff frequency of LP or HP output 
^ R2 fcLK R2 fcLK 
R3 100 R3 50 


Hqlp = - 


R3 

R1 


Hqhp = - 


R1 


MODE 6b: Single Pole LP Filter (Inverting and Non- 
Inverting) (See Figure 15) 

fc = cutoff frequency of LP outputs 
^ R2fcy< R2fgj< 

R3 100 R3 50 


HolPi = ^ (non-inverting) 


HolP2= “ 


R3 

R2 




FIGURE 14. MODE 6a 
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FIGURE 15. MODE 6b 
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2.0 Modes of Operation (Continued) 


TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. Unless otherwise noted, 
gains of various filter outputs are inverting and adjustable by resistor ratios. , 


Mode 

BP 

LP 

HP 

N 

AP 

Number of 

resistors 

Adjustable 

^CLK/fo 

Notes 

1 

* 

* 


* 


3 

No 


la 

(2) 

HoBPI = -Q 
HoBP2=+1 

HoLP=+1 




2 

No 

May need input buf- 
fer. Poor dynamics 
for high Q. 

2 

* 

* 


Hi 


3 

Yes (above 
fCLK/50 or 

fCLK/100) 


3 

* 

* 




4 

Yes 

Universal State- 
Variable Filter. Best 
general-purpose mode. 


* 



* 

■ 

7 

Yes 

, As above, but also 
includes resistor- 
tuneable notch. 

4 


* 



Hi 

3 

No 

Gives Allpass res- 
ponse with Hqap = “ 1 
and Hqlp” “ 2. 

5 

* 

* 



Hi 

4 


Gives flatter allpass 
response than above 
ifRl = R2 = 0.02R4. 

6a 


He 

* 



3 


Single pole. 

6b 


(2) 

Hqlp = +1 
HoLP2— ^ 




2 


Single pole 


From the specifications, the filter parameters are: 
fo=200 Hz, Holp=“2, and, for Butterworth response, 
0 = 0.707. 

In section 2.0 are several modes of operation for the MF5, 
each having different characteristics. Some allow adjust- 
ment of fcLK/fo> others produce different combinations of 
filter types, some are inverting while others are non-invert- 
ing, etc. These characteristics are summarized In Table I. To 
keep the example simple, we will use mode 1, which has 
notch, bandpass, and lowpass outputs, and inverts the sig- 
nal polarity. Three external resistors determine the filter’s Q 
and gain. From the equations accompanying Figure 7, 
Q=R3/R2 and the passband gain Hqlp = -R2/R1. Since 
the Input signal Is driving a summing junction through Ri, 
the input impedance will be equal to Ri. Start by choosing a 
value for Ri. 10k is convenient and gives a reasonable input 
impedance. For Hqlp = -2, we have: 

R 2 = -R 1 H 0 LP = 10k X 2 = 20k. 

For Q = 0.707 we have: 

R3 = R2Q = 20k X 0.707 = 14.14k. Use 15k. 

For operation on ±5V supplies, V+ is connected to +5V, 
V“ to -5V, and AGND to ground. The power supplies 
should be “clean” (regulated supplies are preferred) and 
0.1 jaF bypass capacitors are recommended. 


3.0 Applications Information 

The MF5 is a general-purpose second-order state variable 
filter whose center frequency is proportional to the frequen- 
cy of the square wave applied to the clock input (fcLk)* By 
connecting pin 9 to the appropriate DC voltage, the filter 
center frequency f© can be made equal to either fcLK/^OO 
or fcLK/50. fo can be very accurately set (within ±0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fcLK^fo can be altered by external resis- 
tors as in Figures 9, 10. 1 1, 13, 14, and 15. The filter Q and 
gain are determined by external resistors. 

All of the five second-order filter types can be built using the 
MF5. These are illustrated in Figures 1 through 5 along with 
their transfer functions and some related equations. Figure 
6 shows the effect of Q on the shapes of these curves. 
When filter orders greater than two are desired, two or more 
MF5s can be cascaded. The MF5 also includes an uncom- 
mitted CMOS operational amplifier for additional signal pro- 
cessing applications. 

3.1 DESIGN EXAMPLE 

An example will help illustrate the MF5 design procedure. 
For the example, we will design a ^nd order Butterworth 
low-pass filter with a cutoff frequency of 200 Hz, and a pass- 
band gain of -2. The circuit will operate from a ±5V power 
supply, and the clock amplitude will be ±5v (CMOS) levels). 
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3.0 Applications Information (Continued) 


v+ 



TYPICAL VALUES: 
2k^Rs10Qk 
4.7 /tFsCs470 mF 


TL/H/5066-27 

(a) Resistive Divider with 
Decoupling Capaciter 


V+ =10V 



(b) Voitage Regulator 


v+ 



with Divider 


V+ 

FiGURE 18. Three Ways of Generating — for Single-supply Operation 


For a cutoff frequency of 200 Hz, the external clock can be 
either 10 kHz with pin 9 connected to V+ (50:1) or 20 kHz 
with pin 9 tied to Aqnd or V“ (100:1). The voltage on the 
Logic Level Shift pin (7) determines the logic threshold for 
the clock input. The threshold is approximately 2V higher 
than the voltage applied to pin 7. Therefore, when pin 7 is 
grounded, the clock logic threshold will be 2V, making it 
compatible with 0-5 volt TTL logic ievels and ±5 volt 
CMOS levels. Pin 7 should be connected to a clean, low-im- 
pedance (less than 1 0OOfl) voltage source. 

The complete circuit of the design example is shown for a 
100:1 clock ratio in Figure 16. 

3.2 SINGLE SUPPLY OPERATION 

The MF5 can also operate with a single-ended power sup- 
ply. Figure 17 shows the example filter with a single-ended 
power supply. V+ is again connected to the positive power 
supply (8 to 14 volts), and V“ is connected to ground. The 
Aqnd pin must be tied to V+/2 for single supply operation. 
This half-supply point should be very “clean”, as any noise 
appearing on it will be treated as an input to the filter. It can 
be derived from the supply voltage with a pair of resistors 
and a bypass capacitor {Figure 18a), or a low-impedance 
half-supply voltage can be made using a three-terminal volt- 
age regulator or an operational amplifier {Figures 18b and 
18c). The passive resistor divider with a bypass capacitor is 
sufficient for many applications, provided that the time con- 
stant is long enough to reject any power supply noise. It is 
also important that the half-supply reference present a low 
impedance to the clock frequency, so at very low clock fre- 
quencies the regulator or op-amp approaches may be pref- 
erable because they will require smaller capacitors to filter 
the clock frequency. The main power supply voltage should 
be clean (preferably regulated) and bypassed with O.ljuiF. 

3.3 DYNAMIC CONSIDERATIONS 

The maximum signal handling capability of the MF5, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the MF5 are able to swing to 
within about 1 volt of the supplies, so the input signais must 
be kept smail enough that none of the outputs will exceed 


these limits. If the MF5 Is operating on ±5 volts, for exam- 
ple, the outputs will clip at about 8Vp.p. The maximum input 
voltage multiplied by the filter gain should therefore be less 
than 8Vp.p. 

Note that if the filter has high Q, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain {Figure 6). As an example, a lowpass filter with a Q of 
10 will have a 20 dB peak in its amplitude response at fo- If 
the nominal gain of the filter Hqlp is equal to 1 , the gain at 
fo will be 10. The maximum input signal at fo must therefore 
be less than 800 mVp.p when the circuit is operated on ± 5 
volt supplies. 

Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 {Figure 7). The notch 
output will be very small at fo. so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at f© and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdriving any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 7 through 15 are equations labeled “circuit dynam- 
ics”, which relate the Q and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 

3.4 OFFSET VOLTAGE 

The MF5’s switched capacitor integrators have a higher 
equivalent input offset voltage than would be found in a 
typical continuous-time active filter integrator. Figure 19 
shows an equivalent circuit of the MF5 from which the out- 
put dc offsets can be calculated. Typical values for these 
offsets are: 

Vosi = opamp offset = ± 5mV 

Vos2 = -185mV @ 50:1 -310mV @ 100:1 

Vos3 = +115mV@ 50:1 +240mV@ 100:1 

The dc offset at the BP output Is equal to the Input offset of 
the lowpass integrator (Vqss). The offsets at the other out- 
puts depend on the mode of operation and the resistor ra- 
tios, as described in the following expressions. 
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3.0 Applications Information (Continued) 

Mode 1 and Mode 4 


VOS(N) 


(s 


- Vosi folp 


i)^ 


VqS3 

Q 


VoS(BP) 

VoS(LP) 

Mode la 


== VoS3 

= Vos(N) - VoS2 


Vos(N.INV.BP) = (i + 5 ) V 0 S 1 - ^ 


Vos(INV.BP) = VoS3 

Vos(LP) = Vos(N 


Mode 2 and Mode 5 

VoS(N) = + 1 ) V 0 SI X 

1 


1 


'.Rp 

+ V0S2 


1 + R2/R4 

V0S3 


1+R4/R2 QV1+R2/R4‘ 


VoS3 

VoS(BP) 

= VoS3 

Q 

VOS(LP) 

= VoS(N) - VoS 2 


Mode 3 


V0S2 

V0S{HP) 

= VoS2 


VOS(BP) 

= VoS3 



R4/R2 


VoS(LP) 



R4 / R2\ 

- ^ (1 + V0S1; Rp = R1//R3//R4 
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FIGURE 19. Block Diagram Showing MF5 
Offset Voltage Sources 


5V SUPPLY 



FIGURE 20. Method for Trimming Vqs^ 
See Text, Section 3.4 
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3.0 Applications Information (Continued) 

For most applications, the outputs are AC coupled and DC 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fo and Q. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fcLK^fo significantly higher than the nominal value, especial- 
ly if Q is also high. An extreme example is a bandpass filter 
having unity gain, a Q of 20, and fcLK/^o = 250 with pin 9 
tied to V~ (100:1 nominal). R4/R2 will therefore be equal to 
6.25 and the offset voltage at the lowpass output will be 
about + 1 .9V. Where necessary, the offset voltage can be 
adjusted by using the circuit of Figure 20. This allows adjust- 
ment of Vosi, which will have varying effects on the different 
outputs as described in the above equations. Some outputs 
cannot be adjusted this way in some modes, however 
(Vos(BP) in modes la and 3, for example). 

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 

The MF5 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MF5’s sampling frequency is the 
same as its clock frequency). If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is fs/2 + 1 00 Hz will 
cause the system to respond as though the input frequency 
was fs/2 - 100 Hz. This phenomenon Is known as “alias- 


ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than fs/2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
MF5 to limit the input spectrum. However, since the clock 
frequency Is much higher than the center frequency, this will 
often not be necessary. 

Another characteristic of sampled-data circuits Is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate. {Figure 21) If necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the MF5 
output. 

The ratio of fcLK to fc (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise sensitive applications, however, 
a ratio of 50:1 may be better as it will result in 3 dB lower 
output noise. The 50:1 ratio also results in lower DC offset 
voltages, as discussed in 3.4. 

The accuracy of the fcLK^to ratio is dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in fcLK/^o will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 

It should also be noted that the product of Q and fo should 
be limited to 300 kHz when fo < 5 kHz, and to 200 kHz for 
fo > 5 kHz. 



TL/H/5066-32 

FIGURE 21. The Sampled-Data Output Waveform 
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MF6 6th Order Switched Capacitor 
Butterworth Lowpass Filter 


General Description 

The MF6 is a versatile easy to use, precision 6th order But- 
terworth lowpass active filter. Switched capacitor tech- 
niques eliminate external component requirements and al- 
low a clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MF6-50) or 100 to 1 (MF6-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or an external TTL or CMOS logic com- 
patible clock can be used for tighter cutoff frequency con- 
trol. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF6 sec- 
tions for higher order filtering. In addition to the filter, two 
independent CMOS op amps are included on the die and 
are useful for any general signal conditioning applications. 


Features 

■ No external components 

■ 14-pin DIP or 14-pin wide-body S.O. package 

■ Cutoff frequency accuracy of ±0.3% typical 

■ Cutoff frequency range of 0.1 Hz to 20 kHz 

■ Two uncommitted op amps available 

■ 5V to 1 4V total supply voltage 

■ Cutoff frequency set by external or internal clock 


Block and Connection Diagrams 


FILTER 


OUT 

P 


INV1 

P 


5 


3 Il3 14 



TL/H/5065-1 


All Packages 


N. iNV2 — 

rcn; 

— INV2 

Vitt — 

r 

13 

— INV1 

RLTER 

3 12 

— LSh 

OUT 

Vbi — 

4 

11 

— CLKR 

AGND — 

5 

10 

— V- 

V+ — 

6 

9 

_CLK 

IN 

VbsADJ — 

7 

0 

_ FILTER 
IN 


TL/H/5065-2 

Top View 


Order Number MF6CWM-50 
orMF6CWM-100 
See NS Package Number M14B 

Order Number MF6CN-50 
orMF6CN-100 

See NS Package Number N14A 

Order Number MF6CJ-50 
orMF6CJ-100 

See NS Package Number J14A 
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MF6 


Absolute Maximum Ratings (Noteii) 

If Military/ Aerospace specified devices are required, See AN-450 “Surface Mounting Methods and Their Effect 

please contact the Nationai Semiconductor Sales on Product Reliability” (Appendix D) for other methods of 

Office/Distributors for availability and specifications. soldering surface mount devices. 

Supply Voltage 14V 

Voltage at Any Pin V - 0.2V. V+ + 0.2V Operating Ratings (Note 11) 

Input Current at Any Pin (Note 13) 5 mA Temperature Range Tmin ^ Ta ^ Tmax 

Package Input Current (Note 13) 20 mA MF6CN-50, MF6CN-100 0“C ^ Ta ^ +70“C 

Power Dissipation (Note 14) 500 mW MF6CWM-50, MF6CWM-100 O^C Ta ^ +70‘’C 

Storage Temperature -65“Cto +150“C MF6CJ-50, MF6CJ-100 -40“C ^ Ta ^ +85“C 

ESD Susceptibility (Note 1 2) 800V Voltage (Vs = V+ - V") 5V to 1 4V 

Soldering Information 

N Package (1 0 sec.) 260'’C 

J Package (1 0 sec.) 300°C 

SO Package 

Vapor Phase (60 sec.) 215®C 

Infrared (15 sec.) 220‘’C 

FiltOr ElaCtriCal Charactaristics The following specifications apply for fciK ^ 250 kHz (see Note 3) unless 

otherwise specified. Boldface limits apply for Tmin to Tmax; aH other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

MF6CWM-50, MF6CWM-100, 
MF6CN-50, MF6CN-100 

MF6CJ-50, MF6CJ-100 


Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 

Limit 
(Note S) 

Design 
Limit 
(Note 10) 

V+ = +5V,V- = -5V 

fc, Cutoff MF6-50 Min 



■mn 




■n 


Frequency Max 








Hz 

Range MF6-100 Min 




msm 





(Note1) Max 



mil 

10k 





Total Supply Current 


4.0 

6.0 

8.5 

4.0 

8.5 


mA 

Maximum Clock Filter Output 





30 



mV 

Feedthrough Op Amp 1 Out 





25 



(peak-to- 

Op Amp 2 Out 





20 


11^1 

peak) 

Ho. 

^source 




0.0 

±0.30 


dB 

DC Gain 

^ 2 kn 








fCLK/^c. MF6-50 


49.27 ±0.3% 

49.27±1% 

49.27 ±1% 

49.27 ±0.3% 

49.27 ±1% 



Clock to Cutoff MF6-100 


98.97 ±0.3% 

98.97±1% 

98.97 ±1% 

98.97 ±0.3% 

98.97 ±1% 



Frequency Ratio 









DC MF6-50 


-200 



-200 




Offset Voltage MF6-1 00 


-400 



-400 


m 


Minimum Output 



±3.5 

±3.5 

±4.0 

±3.5 



Voltage Swing 



-3.8 

-3.5 

-4.1 

-3.5 



Maximum Output 
« Source 


50 



50 




Short Circuit 








mA 

Current (Note 6) 









Dynamic Range MF6-50 


83 



83 



dB 

(Note 2) MF6-100 


81 



81 




Additional MF6-50 

fCLK = 250 kHz 








Magnitude 

f=6000 Hz 

-9.47 

-9.47 ±0.6 

-9.47 ±0.75 

-9.47 

-9.47 ±0.75 



Response Test 

f = 4500 Hz 

-0.92 

-0.92 ±0.6 

-0.92 ±0.4 

-0.92 

-0.92 ±0.4 



Points (Note 4) ^pg .^00 

fCLK=250 kHz 









f = 3000 Hz 

-9.48 

-9.48 ±0.3 

-9.48 ±0.75 

-9.48 

-9.48 ±0.75 


rIP 


f = 2250 Hz 

-0.97 

-0.97 ±0.3 

-0.97 ±0.4 

-0.97 

-0.97 ±0.4 


□d 

! ^ 


7-118 


















FiltGr ElGCtriCBl ChdrdCtGriStiCS (continued) The following specifications apply for tcLK^ 250 kHz (see 

Note 3) unless otherwise specified. Boldface limits apply for Tmii to TmaxI all other limits Ta = Tj = 25'’C. 

Parameter 

Conditions 



MF6CWM-50, MF6CWM-100 
MF6CN-50, MF6CN-100 

MF6CJ-50, MF6CJ-100 

Units 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

V+ = +5V,V- = -5V (Continued) 

Attenuation Rate MF6-50 

MF6-100 

fCLK = 250 kHz 
fl = 6000 Hz 
f 2 = 8000 Hz 


-36 

-36 


-36 


dB/ 

octave 

fCLK = 250 kHz 
fl=3000 Hz 
f 2 = 4000 Hz 


-36 

-36 


-36 


dB/ 

octave 

V+ = +2.5V,V- = -2.5V 

fc. Cutoff MF6-50 Min 

Frequency Max 

Range MF6-100 Min 

(Notel) Max 




0.1 

10k 

0.1 

5k 



0.1 

10k 

0.1 

5k 

Hz 

Total Supply Current 

fCLK = 250 kHz 

2.5 

4.0 

4.0 

2.5 

4.0 


mA 

Maximum Clock Filter Output 
Feedthrough Op Amp 1 Out 

Op Amp 2 Out 


20 

15 

10 



20 

15 

10 



mV 

(peak-to- 

peak) 

Hq, DC Gain 

l^source ^ 2 kf! 

0.0 

±0.30 

±0.30 

0.0 

±0.30 


dB 

^CLk/^c Clock to 

Cutoff Frequency MF6-50 

Ratio MF6-100 


49.10 ±0.3% 

98.65 ±0.3% 

49.10 ±2% 

98.65 ±2% 

49.10±3% 

98.65 ±2.25% 

49.10 ±0.3% 

98.65 ±0.3% 

49.10±3% 

98.65 ±2.25% 



DC MF6-50 

Offset Voltage MF6-100 


-200 

-400 



-200 

-400 



mV 

Minimum Output 

Voltage Swing 

RL=10ka 

+ 1.5 

-2.2 

+ 1.0 

-1.7 

+ 1.0 

-1.5 

+ 1.5 

-2.2 

+ 1.0 

-1.5 


V 

Maximum Outnut 









* Soured 

Short Circuit , 

^ X/,.. X Sink 

Current (Note 6) 


28 

0.5 



28 

0.5 



mA 

Dynamic Range (Note 2) 


77 



77 



dB 

Additional MF6-50 

Magnitude 

Response Test 

Points (Note 4) M F6-1 00 

fCLK=250 kHz 
f = 6000 Hz 

f = 4500 Hz 

-9.54 

-0.96 

-9.54 ±0.6 

-0.96 ±0.3 

-9.54 ±0.75 

-0.96 ±0.4 

-9.54 

-0.96 

-9.54 ±0.75 

-0.96 ±0.4 


dB 

fCLK = 250 kHz 
f = 3000 Hz 

f = 2250 Hz 

-9.67 

-1.01 

-9.67 ±0.6 

-1.01 ±0.3 

-9.67 ±0.75 

-1.01 ±0.4 

-9.67 

-1.01 

-9.67 ±0.75 

-1.01 ±0.4 


dB 

Attenuation MF6-50 

Rate 

MF6-100 

fCLK = 250 kHz 
fl=6000 Hz 
f2=8000 Hz 


-36 

-36 


-36 


dB/ 

octave 

fCLK = 250 kHz 
fl=3000 Hz 
f 2 = 4000 Hz 


-36 

-36 


-36 


dB/ 

octave 
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MF6 


Op Amp Electrical Characteristics 

Boldface limits apply for Tmin to Tmax; Other limits Ta = 

Fj = 25'>C. 








MF6CN-50, MF6CN-100, 
MF6CWM-50, MF6CWM-100 

MF6CJ-50, MF6CJ-100 


Parameter 

Conditions 

Typical 

(Noted) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Units 

V+ = ,+ 5V,V- = -5V 

Input Offset Voltage 


±8.0 

±20 

±20 

±8.0 

±20 


mV 

Input Bias Current 


10 



10 



pA 

CMRR (Op Amp #2 Only) 

VcM 1 = 1.8V. 
VcM2 = -2.2V 

60 

55 


60 

55 


dB 

Output Voltage Swing 

RL=10kn 

+ 4.0 

+ 3.8 

+ 3.6 

+ 4.0 

+ 3.6 


V 



-4.5 

-4.0 

- 4.0 

-4.5 

- 4.0 



Maximum Output Short Source 


54 

65 

80 

54 

80 


mA 

Circuit Current (Note 6) Sink 


2.0 

4.0 

6.0 

2.0 

6.0 


Slew Rate 


7.0 



7.0 



V/jas 

DC Open Loop Gain 


72 



72 



dB 

Gain Bandwidth Product 


1.2 



1.2 



MHz 

V+ = +2.5V,V 2.5 V 

Input Offset Voltage 


±8.0 

±20 

±20 

±8.0 

±20 


mV 

Input Bias Current 


10 



10 



pA 

CMRR (Op-Amp #2 Only) 

VCM1 = +0.5V, 
VCM2 = -0.9V 

60 



60 



dB 

Output Voltage Swing 

Rl = lOkft 


■a 


+ 1.5 



V 




■B 


-2.2 

bei 



Maximum Output Short Source 


24 






mA 

Circuit Current (Note 6) Sink 


1.0 






Slew Rate 


6.0 



6.0 



V/fxs 

DC Open Loop Gain 


67 



67 



dB 

Gain Bandwidth Product 


1.2 



1.2 



MHz 
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Logic Input-Output Electrical Characteristics The following specifications apply tor v- = ov 

(see Note 5) unless otherwise specified. Boldface limits apply for Tmin to Tmax; all other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

MF6CN-50, MF6CN-100 
MF6CWM-50, MF6CWM-100 

MF6CJ-50,MF6CJ-100 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

TTL CLOCK INPUT, CLK R PIN (Note 7) | 

Maximum V|l, Logical “0” 

Input Voltage 



0.8 

0.8 


0.8 


V 

Minimum V|H, Logical “1” 

Input Voltage 



2.0 

2.0 


2.0 


V 

Maximum Leakage Current 
at CLK R Pin 

L Sh Pin at 

Mid- Supply 


2.0 

2.0 


2.0 


jaA 

SCHMITT TRIGGER | 

Vj+, Positive Going 
Threshold Voltage 

Min 

Max 

V+ = 10V 

7.0 

6.1 

8.9 

6.1 

8.9 

7.0 

6.1 

8.9 


V 

Min 

Max 

V+ = 5V 

3.5 

3.1 

4.4 

3.1 

4.4 

3.5 

3.1 

4.4 


V 

Vj_, Negative Going 
Threshold Voltage 

Min 

Max 

V+ = 10V 

3.0 

1.3 

3.8 

1.3 

3.8 

3.0 

1.3 

3.8 


V 

Min 

Max 

V+ = 5V 

1.5 

0.6 

1.9 

0.6 

1.9 

1.5 

0.6 

1.9 


V 

Hysteresis (Vj+ - Vj_) 

Min 

Max 

v+ = 10V 

4.0 

2.3 

7.6 

2.3 

7.6 

4.0 

2.3 

7.6 


V 

Min 

Max 

V+ = 5V 

2.0 

1.2 

3.8 

1.2 

3.8 

2.0 

1.2 

3.8 


V 

Minimurri Logical “1” Output 
Voltage (Pin 11) 

lo = -IOjliA 

V+ = 10V 
V+ = 5V 


9.0 

4.5 

9.0 

4.5 


9.0 

4.5 


V 

Maximum Logical “0” Output 
Voltage (Pin 11) 

lo = lOjaA 

V+ = 10V 
V+ = 5V 


1.0 

0.5 

1.0 

0.5 


1.0 

0.5 


V 

Minimum Output Source 

Current (Pin 11) 

CLK R Tied 
to Ground 

V+ = 10V 
V+ = 5V 

6.0 

1.5 

3.0 

0.75 

3.0 

0.75 

6.0 

1.5 

3.0 

0.75 


mA 

MaximuftfOutput Sink 

Current (Pin 1 1 ) 

TJLKRTied 

toV+ 

V+ = 10V 
V+ = 5V 

5.0 

1.3 

2.5 

0.65 

2.5 

0.65 

5.0 

1.3 

2.5 

0.65 


mA 

Note 1: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 2: For ± 5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 p,Vrms for 
the MF6-50 and 250 jaVrms for the MF6-100. For ±2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwidth is typically 140 jxVrms for both the MF6-50 and the MF6-100. 

Note 3: The specifications for the MF6 have been given for a clock frequency (fcLK) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±1.0% but the filter still maintains its magnitude characteristics. See Application Hints, Section 1.5. 

Note 4: Besides checking the cutoff frequency (fg) and the stopband attenuation at 2 fc, two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. 

Note 5: For simplicity all the logic levels have been referenced to V~ = OV and will scale accordingly for ±5V and ±2.5V supplies (except for the TTL input logic 
levels). 

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst-case conditions. 

Note 7: The MF6 is operating with symmetrical split supplies and L.Sh is tied to ground. 

Note 8: Typicals are at 25'’C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level. 

Note 10: Design limits are guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified conditions. 

Note 12: Human body model, 100 pF discharged through a 1.5k n resistor. 

Note 13: When the input voltage (V|n) at any pin exceeds the power supply rails (Vin < V~ or Vin > V+ ) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 14: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ^ja. and the ambient temperature, Ta. The 
maximum allowable power dissipation at any temperature is Pp = (Tjmax ” Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. 

For this device, Tjmax = 125*^ and the typical junction-to-ambient thermal resistance of the MF6CN when board mounted is 67°C/W. For the MF6CJ this number 
decreases to 62“C/W. For MF6CWM, 0ja = 78“C/W. 
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Typical Performance Characteristics 
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Crosstalk Test Circuits 


From Filter to Opamps 
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Pin Descriptions (Pin Numbers) 


Pin 

FILTER OUT (3) 

FILTER IN (8) 

Description 

The output of the lowpass filter. 

It will typically sink 0.9 mA and 
source 3 mA and swing to within 

IV of each supply rail. 

The input to the lowpass filter. 

To minimize gain errors the 
source impedance that drives 
this input should be less than 2k 

Pin 

Vo2(2). 

INV2 (14), 
NINV2(1) 

V+(6),V-(10) 

Description 

Vo 2 is the output, INV2 is the 
inverting input, and NINV2 is the 
non-inverting input of Op-Amp 
#2. 

The positive and negative 
supply pins. The total power 
supply range is 5V to 1 4V. 
Decoupling these pins with 


(see section 1 .4). For single 
supply operation the input signal 


0.1 /xF capacitors is highly 
recommended. 


must be biased to mid-supply or 

AC coupled. 

CLK IN (9) 

A CMOS Schmitt-trigger input to 
be used with an external CMOS 

VosADJ (7) 

This pin is used to adjust the DC 
offset of the filter output; if not 
used it must be tied to the 


logic level clock. Also used for 
self-clocking Schmitt-trigger 
oscillator (see section 1 .1). 


AGND potential. (See section 

1.3) 

CLKR(11) 

A TTL logic level clock input 
when in split supply operation 

AGND(5) 

The analog ground pin. This pin 
sets the DC bias level for the 
filter section and the non- 
inverting Input of Op-Amp # 1 
and must be tied to the system 
ground for" split supply operation 
or to mid-supply for single 
supply operation (see section 


(± 2.5V to ±7V)and L. Shtied 
to system ground. This pin 
becomes a low impedance 
output when L. Sh is tied to V”. 
Also used in conjunction with 
the CLK IN pin for a self 
clocking Schmitt-trigger 
oscillator (see section 1 .1). 


1 .2). When tied to mid-supply 
this pin should be well 
bypassed. 

L. Sh (12) 

Level shift pin, selects the logic 
threshold levels for the desired 
clock. When tied to V- it 

Voi (4), 

Voi is the output and INV1 is 


enables an Internal tri-state 

INV1 (13) 

the inverting Input of Op-Amp 
# 1 . The non-inverting input of 
this Op-Amp is internally 
connected to the AGND pin. 


buffer stage between the 

Schmitt trigger and the internal 
clock level shift stage thus 
enabling the CLK IN Schmitt- 
trigger input and making the 

CLK R pin a low impedance 
output. 
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Pin Descriptions (Pin Numbers) (Continued) 

Pin Description 

L. Sh (1 2) When the voltage level at this 

inputexceeds[25%(V+ -V“) 

+ V“] the internal tri-state 
buffer is disabled allowing the 
CLK R pin to become the clock 
input for the internal clock level 
shift stage. The CLK R 
threshold level is now 2V above 
the voltage applied to the L. Sh 
pin. Driving the CLK R pin with 
TTL logic levels can be 
accomplished through the use 
of split supplies and by tying the 
L. Sh pin to system ground. 

1.0 MF6 Application Hints 

The MF6 is comprised of a non-inverting unity gain lowpass 
sixth order Butterworth switched capacitor filter section and 
two undedicated CMOS Op-Amps. The switched capacitor 
topology makes the cutoff frequency (where the gain drops 


3.01 dB below the DC gain) a direct ratio (100:1 or 50:1) of 
the clock frequency supplied to the lowpass filter. Internal 
integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance Section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the integrators. The 
clock to cutoff frequency ratio (fcLK^y 'S set by the ratio of 
the input and feedback capacitors in the integrators. The 
higher the clock to cutoff frequency ratio (or the sampling 
rate) the closer this approximation is to the theoretical But- 
terworth response. The MF6 is available In fcLK/^c ratios of 
50:1 (MF6-50) or 100:1 (MF6-100). 

1.1 CLOCK INPUTS 

The MF6 has a Schmitt-trigger inverting buffer which can be 
used to construct a simple R/C oscillator. The oscillator’s 
frequency is dependent on the buffer’s threshold levels as 
well as on the resistor/capacitor tolerance (see Figure 1). 
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RCIn 
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l Wcc - Vt + 
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TL/H/5065-3 

FIGURE 2. Dual Supply Operation 
MF6 Driven with CMOS Logic Level Clock 
(V|H ^ 0.8 Vcc and V|l ^ 0.2 Vcc where Vcc = V+ - V-) 


TL/H/5065-4 

FIGURE 3. Dual Supply Operation 
MF6 Driven with TTL Logic Level Clock 
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Application Hints (Continued) 


24 ka 5kXI 22 kn 

V-0--VW VW VVW)V+ 




FIGURE 5. Vos Adjust Schemes 


Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 

Where accuracy in fc is required an external clock can be 
used to drive the CLK R input of the MF6. This input is TTL 
logic level compatible and also presents a very light load to 
the external clock source (~2 juA) with split supplies and 
L. Sh tied to system ground. The logic level is programmed 
by the voltage applied to level shift (L. Sh) pin (See the Pin 
description for L. Sh pin). 

1.2 POWER SUPPLY BIASING 

The MF6 can be biased from a single supply or dual split 
supplies. The split supply mode shown in Figures 2 and 3 is 
the most flexible and easiest to implement. As discussed 
earlier split supplies, ±5V to ±7V, will enable the use of 
TTL or CMOS clock logic levels. Figure 4 shows two 
schemes for single supply biasing. In this mode only CMOS 
clock logic levels can be used. 

1.3 OFFSET ADJUST 

The VosADJ pin is used in adjusting the output offset level 
of the filter section. If this pin is not used it must be tied to 
the analog ground (AGND) level, either mid-supply for single 
ended supply operation or ground for split supply operation. 
This pin sets the zero reference for the output of the filter. 
The implementation of this pin can be seen In Figure 5. In 
5(a), DC offset is adjusted using a potentiometer; in 5(b), the 
Op-Amp integrator circuit keeps the average DC output lev- 
el at AGND. The circuit in 5(b) Is therefore appropriate only 
for AC-coupled signals and signals biased at AGND. 

1.4 INPUT IMPEDANCE 

The MF6 lowpass filter input (FILTER IN pin) is not a high 
impedance buffer input. This input is a switched capacitor 
resistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the input to the filter can be seen in Figure 6. The input 
capacitor charges to the input voltage (Vjn) during one half 
of the clock period, during the second half the charge is 



a) Equivalent Circuit for MF6 Filter Input 

NON-OVERLAPPING 

CLOCKS 

01 02 



b) Actual Circuit for MF6 Filter Input 
FIGURE 6. MF6 Filter Input 

transferred to the feedback capacitor. The total transfer of 
charge in one clock cycle is therefore Q = CjnVjn, and since 
current is defined as the flow of charge per unit time the 
average input current becomes 

lin = Q/T 

(where T equals one clock period) or 


,in = = CinVinfcLK 

The equivalent input resistor (Rjn) then can be defined as 
Rin “ Vjn/Ijn = 

Cin'CLK 

The Input capacitor is 2 pF for the MF6-50 and 1 pF for the 
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Application Hints (Continued) 

MF6-100, so for the MF6-100 


and 


1 X 1012 _ 1 X 1012 _ 1 X 1010 
^CLK fc ^ fg 

5 X 1011 _ 5 X 1011 _ 1 X 1010 
fCLK X 50 fc 


for the MF6-50. As shown in the above equations for a given 
cutoff frequency (fc) the input impedance remains the same 
for the MF6-50 and the MF6-100. The higher the clock to 
center frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. As the cutoff frequency 
increases the equivalent input impedance decreases. This 
input resistance will form a voltage divider with the source 
impedance (Rsource)- Since Rjn is inversely proportional to 
the cutoff frequency, operation at higher cutoff frequencies 
will be more likely to load the input signal which would ap- 
pear as an overall decrease in gain to the output of the filter. 
Since the filter’s ideal gain is unity its overall gain is given 
by: 


Av - ; 


Rin + f^source 

If the MF6-50 or the MF6-100 were set up for a cutoff fre- 
quency of 10 kHz the jnput impedance would be: 


= 1 X 1010 
10 kHz 


1 Ma 


In this example with a source impedance of 10k the overall 
gain, if the MF6 had an ideal gain of 1 or 0 dB, would be: 


Av — 


1 Mn 

lOkn + 1 Mn 


0.99009 or -86.4 mdB 


Since the maximum overall gain error for the MF6 is 
±0.3 dB with a Rs ^ 2 kfl the actual gain error for this case 
would be +0.21 dB to -0.39 dB. 

1.5 CUTOFF FREQUENCY RANGE 

The filter’s cutoff frequency (fc) has a lower limit caused by 
leakage currents through the internal svi/itches discharging 
the stored charge on the capacitors. At lower clock frequen- 
cies these leakage currents can cause millivolts of error, for 
example: 


^CLK — 100 Hz, lieakage “ ^ PA. C — 1 pF 


V = 


1 pA 

1 pF (100 Hz) 


= 10 mV 


The propagation delay In the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors In- 
creases as the MF6 power supply voltage decreases. This 
causes a shift in the fcLK/^c ratio which will become notice- 
able when the clock frequency exceeds 250 kHz. The ampli- 
tude characteristic will stay within tolerance until fcLK ex- 
ceeds 500 kHz and will peak at about 0.5 dB at the corner 
frequency with a 1 MHz clock. The response of the MF6 is 
still a reasonable approximation of the ideal Butterworth 
lowpass characteristic as can be seen in Figure 7. 


2.0 Designing with the MF6 

Given any lowpass filter specification two equations will 
come in handy in trying to determine whether the MF6 will 
do the job. The first equation determines the order of the 
lowpass filter required: 

^ log (10°-'' Amin-1) - log (loQ-"* ^max-i) 

2log(fs/fb) 



TL/H/5065-20 

FIGURE 7a.MF6-100 ±5V Supplies 
Amplitude Response 



FREQUENCY (Hz) 


TL/H/5065-22 

FIGURE 7c. MF6-100 +2.5V Supplies 
Amplitude Response 



TL/H/5065-21 


FIGURE 7b. MF6-50 ±5V Supplies 
Amplitude Response 



TL/H/5065-23 

FIGURE 7d. MF6-50 ± 2.5V Supplies 
Amplitude Response 
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Designing with the MF6 (Continued) 

where n is the order of the filter, Amin 'S the minimum stop- 
band attenuation (in dB) desired at frequency fg, and Amax 's 
the passband ripple or attenuation (In dB) at frequency fb- If 
the result of this equation is greater than 6, then more than 
a single MF6 is required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn(f) = 10 log [1 + (10° ‘'^max_i) (f/y2n] dB (2) 
where n = 6 (the order of the filter). 

2.1 A LOWPASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 8 is 
given. Can the MF6 be used? The order of the Butterworth 
approximation will have to be determined using eq. 1 : 

Amin ~ dB, Amax ~ 1 -0 dB, f3 “ 2 kHz, and fb ” 1- kHz 


_ log(103-i) -log(100.i -1) 

^ = 5.96 

2 log(2) 

Since n can only take on Integer values, n = 6. Therefore 
the MF6 can be used. In general, if n is 6 or less a single 
MF6 stage can be utilized. 

Likewise, the attenuation at fg can be found using equation 
2 with the above values and n = 6 giving: 

Atten (2 kHz) = 10 log [ 1 + (lOO-i - 1) (2 kHz/1 kHz)i2] 
= 30.26 dB 

This result also meets the design specification given In Fig- 
ure 8 again verifying that a single MF6 section will be ade- 
quate. 



FREQUENCY (Hz) 

TL/H/5065-24 

FIGURE 8. Design Example Magnitude Response 
Specification Where the Response of the Filter Design 
Must Fall Within the Shaded Area of the Specification 

Since the MF6’s cutoff frequency fc, which corresponds to a 
gain attenuation of -3.01 dB, was not specified in this ex- 
ample it needs to be calculated. Solving equation 2 where f 
= fc as follows: 


(100.1(3.01 dB) - 1) ]1/(2n) 
(.jgO.I Amax - 1) . 


= 1 kHz 


100.1 

= 1.119kHz 


'100.301 _ i]1 
. 100-1 - 1 . 


where fc = fcLK/50 or fcLK/100- 


To implement this example for the MF6-50 the clock fre- 
quency will have to be set to fcLK = 50(1 .116 kHz) = 55.8 
kHz or for the MF6-100 fcLK = 100(1.116 kHz) = 111.6 
kHz. 

2.2 CASCADING MF6s 

In the case where a steeper stopband attenuation rate is 
required two MF6’s can be cascaded {Figure 9) yielding a 
12th order slope of 72 dB per octave. Because the MF6 is a 
Butterworth filter and therefore has no ripple in Its pass- 
band, when MF6s are cascaded the resulting filter also has 
no ripple in its passband. Likewise the DC and passband 
gains will remain at 1V/V. The resulting response is shown 
In Figure 10. 

In determining whether the cascaded MF6s will yield a filter 
that will meet a particular amplitude response specification, 
as above, equations 3 and 4 can be used, shown below. 

log (1 0®'°^ ^min _ i ) _ |og (i ^max - 1 ) 

" 2log(fs/fb) ~ 

Attn(f) = 10 log [ 1 + (10 °®® (f/y2n] dB (4) 
where n = 6 (the order of each filter). 

Equation 3 will determine whether the order of the filter is 
adequate (n 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (y is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in section 2.1. 

2.3 IMPLEMENTING A “NOTCH” FILTER WITH THE MF6 

A “notch” filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps, available in the MF6, and three 
external resistors. The circuit and amplitude response are 
shown in Figure 1 1. 

The frequency where the “notch” will occur is equal to the 
frequency at which the output signal of the MF6 will have 
the same magnitude but be 1 80 degrees out of phase with 
its Input signal. For a sixth order Butterworth filter 180“ 
phase shift occurs where f = fn = 0.742 fc. The attenuation 
at this frequency is 0.12 dB which must be compensated for 
by making Ri = 1.014 x R2. 

Since Ri does not equal R2 there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < < y, the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the Input signal through the Op-Amp yields an overall gain 
of two or + 6 dB. For f > > fp, the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With R3 = Ri = 1.014 
R2 the overall gain is 0.986 or -0.12 dB at frequencies 
above the notch. 
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Designing with the MF6 (Continued) 




FREQUENCY (Hz) 

TL/H/5065-29 

FIGURE 11b. MF6-50 “Notch” Filter Amplitude Response 
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Designing with the i\/IF6 (Continued) 

2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The MF6 will respond favorably to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (y cycles. As shown in Figure 12, if the 
control signal is low the MF6-50 has a 100 kHz clock mak- 
ing fc = 2 kHz; when this signal goes high the clock fre- 
quency changes to 50 kHz yielding 1 kHz fc- 
The transient response of the MF6 seen in Figure 13 is also 
dependent on the fc and thus the fcLK applied to the filter. 
The MF6 responds as a classical sixth order Butterworth 
lowpass filter. 



TL/H/5065-30 

fiN = 1.5 kHz (scope time base = 2 ms/div) 

FIGURE 12. [\/IF6-50 Abrupt Clock Frequency Change 


2.5 ALIASING CONSIDERATIONS 

Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the MF6 this equals halHhe clock frequency (fctK)-"When 




TL/H/5065-31 

FIGURE 13. MF6-50 Step Input Response, Vertical = 
2V/dlv., Horizontal = 1 ms/div., fcLK =100 kHz 

the input signal contains a component at a frequency higher 
than half the clock frequency, as in Figure 14a, that compo- 
nent will be “reflected” about fcLK/2 into the frequency 
range below fcLK/2 as in Figure 14b. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore if frequency compo- 
nents in the input signal exceed fcLK/2 they must be attenu- 
ated before being applied to the MF6 input. The necessary 
amount of attenuation will vary depending on system re- 
quirements. In critical applications the signal components 
above fcLK/2 will have to be attenuated at least to the fil- 
ter’s residual noise level. An example circuit is shown in 
Figure 15 using one of the uncommitted Op-Amps available 
in the MF6. 


FREQUENCY 


(a) Input Signal Spectrum 


TL/H/5065-37 


Figure 14. The phenomenon of aliasing in sampled-data systems. An input signal whose frequency is greater than one> 
half the sampling frequency will cause an output to appear at a frequency lower than one-half the sampling frequency. 

In the MF6, fs = fcLK* 



FREQUENCY 

TL/H/5065-38 

(b) Output Signal Spectrum. Note that the input signal at 
fs/2 + f causes an output signal to appear at fs/2 - f. 
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Designing with the MF6 (Continued) 



Ho = R 4 /R 3 (Ho = 1 when R 3 and R 4 are omitted and V 02 is directly tied to INV2). 
Design Procedure: 
pick Ci 

Rg = — — 

2QCiet)o 

for a 2nd Order ButtenA^orth Q = 0.707 


make Ri = R 2 
and 

^ (27rfoRi)2Ci 

Note: The parallel combination of R 4 (if used), R^ and R 2 should be ^ 10 kO in order not to load Op-Amp #2. 

FIGURE 15. Second Order Butterworth Anti-Aliasing Filter Using Uncommitted Op-Amp #2 
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MF8 4th-0rder Switched Capacitor Bandpass Fiiter 


General Description 

The MF8 consists of two second-order bandpass filter 
stages and an inverting operational amplifier. The two filter 
stages are identical and may be used as two tracking sec- 
ond-order bandpass filters, or cascaded to form a single 
fourth-order bandpass filter. The center frequency is con- 
trolled by an external clock for optimal accuracy, and may 
be set anywhere between 0.1 Hz and 20 kHz. The ratio of 
clock frequency to center frequency is programmable to 
100:1 or 50:1. Two inputs are available for TTL or CMOS 
clock signals. The TTL input will accept logic levels refer- 
enced to either the negative power supply pin or the ground 
pin, allowing operation on single or split power supplies. The 
CMOS Input Is a Schmitt inverter which can be made to self- 
osclllate using an external resistor and capacitor. 

By using the uncommitted amplifier and resistors for nega- 
tive feedback, any all-pole (Butterworth, Chebyshev, etc.) 
filter can be formed. This requires only three resistors for a 
fourth-order bandpass filter. Q of the second-order stages 
may be programmed to any of 31 different values by the five 
“Q logic” pins. The available Q values span a range from 
0.5 through 90. Overall filter bandwidth is programmed by 
connecting the appropriate Q logic pins to either V+ or V“. 
Filters with order higher than four can be built by cascading 
MF8s. 


Features 

■ Center frequency set by external clock 
B Q set by five-bit digital word 
B Uncommitted Inverting op amp 
B 4th-order all-pole filters using only three external 
resistors 

B Cascadable for higher-order filters 
B Bandwidth, response characteristic, and center 
frequency independently programmable 
D Separate TTL and CMOS clock inputs 
B 18 pin 0.3" wide package 

Key Specifications 

B Center frequency range 0.1 Hz to 20 kHz 
B Q range 0.5 to 90 

B Supply voltage range 9V to 14V (±4.5V to ±7V) 

B Center frequency accuracy 1% over full temperature 
range 


Typicai Appiication & Connection Diagrams 
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See NS Package Number 
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Fourth-Order Butterworth Bandpass Filter 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vs = V+ - V-) -0.3V to + 15V 

Voltage at any Input (Note 2) V~ —0.3V to V+ +0.3V 
Input Current at any Input Pin (Note 2) ± 1 mA 

Output Short-Circuit Current (Note 7) ±1 mA 


Power Dissipation (Note 3) 500 mW 

Storage T emperature - es^C to + 1 50“C 


Soldering Information: 

J Package: 10 sec. 260*0 

N Package: 10 sec. 300*C 

SO Package: Vapor Phase (60 sec.) 21 5*C 

Infrared (15 sec.) 220*C 


ESD rating is to be determined. 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


operating Ratings (Note d 


Temperature Range 

MF8CCN 

MF8CCJ 

Supply Voltage (Vs = V+ - V") 


TmIN ^ Ta ^ TmAX 
0°C ^ Ta ^ +70°C 
-40*C ^ Ta ^ +85°C 
+ 9Vto +14V 


fCLK X Q Range 

for 1 0 Hz ^ fcLK ^ 250 kHz any Q 

for 250 kHz ^ fcLK ^ 1 MHz fCLK X Q ^ 5 MHz 


Filter Electrical Characteristics The following specifications apply for V+ = +5V, V“ = -5V, Cload^ 
50 pF and Rload ^ 50 kft on filter output unless otherwise specified. Boldface limits apply for Tmin to Tmax; all othar Unfi'ts 
Ta = Tj = 25*C. 


Symbol 

Parameter 
(Notes 4, 5) 

Conditions 

MF8CCN 

MF8CCJ 

Units 

Typicai 
(Note 9) 

Tested 
Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Typicai 
(Note 9) 

Tested 
Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Ho 

Gain at fo 

fCLK = 250 kHz 

100:1 

ABCDE =11100 

6.02 ±.05 

6.02 ±0.2 


6.02 ±0.05 

6.02 ±0.2 


m 

Q 

Q 

3.92 ±2% 

3.92 ±10% 






R 

fCLK/fo 

99.2 ±0.3% 

99.2 ±1% 






Ho 

Gain at fo 

fCLK = 250 kHz 

100:1 

ABCDE =10011 

6.02 ±0.2 

6.02 ±0.5 


6.02 ±0.2 

6.02 ±0.5 


dB 

Q 

Q 

15.5 ±3% 

15.5 ±12% 

‘ 





R 

fCLK/fo 

99.7 ±0.3% 







Ho 

Gain at fo 

fCLK = 250 kHz 

50:1 

ABCDE = 00001 

5.85 ±0.4 






dB 

Q 

Q 

55 ±5% 

55 ±14% 


55 ±5% 

55 ±14% 



R 

^CLK/fo 

49.9 ±0.2% 



49.9 ±0.2% 

49.9 ±1% 



Ho 

Gain at fo 

Vs=±5V±5% 
fCLK ^ 250 kHz 

6.02 ±0.5 


6.02 

± 1.5 

6.02 ±0.5 


6.02 ± 1.5 

dB 

AQ/Qth 

Q Deviation from 
Theoretical 
(See Table 1) 

Vs=±5V±5% 
fCLK ^ 250 kHz, Q > 1 
fCLK ^ 100 kHz, 

1 < Q < 57 

±5% 

±2% 



±5% 

±2% 


H 

1 

AR/Rth 

fCLK/fo Deviation 
from Theoretical 
(See Table 1) 

Vs = ±5V ±5% 
fCLK ^ 250 kHz 

±0.3% 






1 

Q 

Q 

fCLK = 250 kHz, 50:1 
ABCDE = 00110 

10.6 ±2% 


10.6 

± 10 % 

10.6 ±2% 

10.6 ± 10 % 


■ 


Dynamic Range 
(Note 6) 

ABCDE =11100 
ABCDE =10011 
ABCDE = 00001 

86 

80 

75 



86 

80 

75 



dB 

dB 

dB 


Clock 

Feedthrough 

Filter and Op Amp 
fcLK ^ 250 kHz 

Q ^ 1 

Q> 1 



1 





Is 


fcLK = 250 kHz, no 
loads on outputs 

9 

12 

D 

9 

13 



Vos 

Maximum Filter 
Output Offset 
Voltage 

fCLK = 250 kHz, Q = 4 
50:1 

100:1 

±40 

±80 

±120 

±240 


±40 

±80 



mV 

mV 

VOUT 

Minimum Filter 
Output Swing 

Hload = 5 kft 
(Note 6) 

±4.1 

±3.8 

± 3.8 

±4.1 

± 3.6 


V 


7-136 






































Op Amp Electrical Characteristics The following specifications apply for V + = +5V, V~ = -SVandno 
load on the Op Amp output unless otherwise specified. Boldface limits apply for Tmin to Tmax; all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

MF8CCN 

MF8CCJ 

Units 

Typical 

(Note 9) 

Tested 
Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Typical 

(Note 9) 

Tested 

Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Vos 

Maximum Input Offset Voltage 


±8 

±20 


±8 

±20 


mV 

>B 

Maximum Input Bias Current 


10 



10 



pA 

VOUT 

Minimum Output Voltage Swing 

Rload = 5 kft 

±3.5 



±3.5 



V 

Avol 

Open Loop Gain 


80 



80 



dB 

GBW 

Gain Bandwidth 

Product 


1.8 



1.8 



MHz 

SR 

Slew Rate 


10 



10 



V/jLtS 


Logic Input and Output Characteristics The following specifications apply for V+ = + 1 0V and V“ 
= OV unless otherwise specified. Boldface limits apply for Tmin to TmaxJ other limits Ta = Tj = 25°C. 







MF8CCN 

MF8CCJ 


Symboi 

Parameter 


Conditions 

Typicai 

Tested 

Limit 

Design 

Limit 

Typicai 

Tested 

Limit 

Design 

Limit 

Units 






(Note 9) 

(Note 10 

(Note 11) 

(Note 9) 

(Note 10) 

(Note 11) 


Vt+ 

Positive Threshold 


Min 

Vs = V + - V- referred 

0.7Vs 

0.58Vs 


0.7Vs 

0.58Vs 


V 


Voltage on pin 8 


Max 

toV- = 0V(Note8) 

0.7Vs 

0.89Vs 


0.7Vs 

0.89Vs 


V 

Vt" 

Negative Threshold 

Min 

Vs = V+ - V- referred 

0.35Vs 

0.11 Vs 


0.35Vs 

0.11 Vs 


V 


Voltage on pin 8 


Max 

toV- = 0V(Note8) 

0.35Vs 

0.47Vs 


0.35Vs 

0.47Vs 


V 

VoH 

Output Voltage on 

Min High 

Iq = ”10 jllA 


9.0 

9.0 


9.0 


V 

VoL 

pin 9 (Note 12) 

Max Low 

Iq = +10 jliA 


1.0 

1.0 


1.0 


V 

Iqh 

Output Current on 

Min Source 

Pin 9 tied to V“ 

6.0 

3.0 


6.0 

3.0 


mA 

Iql 

pin 9 

Min Sink 

Pin 9 tied to V+ 

5.0 

2.5 



2.5 


mA 

V|H 

Input Voltage on 

Min High 


7.0 


9.0 

7.0 

9.0 


V 

V|L 

pins: 1, 2, 3, 10, 

17, & 18 (Note 12) 

Max Low 


3.0 


1.0 

3.0 

1.0 


V 

l|N 

Input Current on pins: 1 , 2, 

3, 7, 8, 10, 17, & 18 



10 

10 


10 


jllA 

V|H 

Input Voltage on 

Min High 

V+ = +10V,V- = OVor 


2.0 

2.0 


2.0 


V 

V|L 

pin 7 

Max Low 

V+ = +5V,V- = -5V 


0.8 

0.8 


0.8 


V 


Note 1: Absolute Maximum Raings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 


Note 2: When the applied voltage at any pin falls outside the power supply voltages (V|n < V“ or V|n > V+), the absolute value of current at that pin should be 
limited to 1 mA or less. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja> ^nd the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125'’C, and the typical junction-to-ambient thermal resistance of the MF8CCN when board mounted is 50"C/W. For the MF8CCJ, this number 
increases to 65*C/W. 

Note 4: The center frequency of each 2nd*order filter section is defined as the frequency where the phase shift through the filter is zero. 

Note 5: Q is defined as the measured center frequency divided by the measured bandwidth, where the bandwidth is the difference between the two frequencies 
where the gain is 3 dB less than the gain measured at the center frequency. 

Note 6: Dynamic range is defined as the ratio of the tested minimum output swing of 2.69 Vrms (±3.8V peak-to-peak) to the wideband noise over a 20 kHz 
bandwidth. For Qs of 1 or less the dynamic range and output swing will degrade because the gain at an internal node is 2/Q. Keeping the input signal level below 
1.23xQ Vrms will avoid distortion in this case. 
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Note 7: If it is possible for a signal output (pin 6, 14, or 15) to be shorted to y+, V- or ground, add a series resistor to limit output current. 

Note 8: If V- is anything other than OV then the value of V~ should be added to the values given in the table. For example for V+ = +5V and V“ = -5V the 
typical Vt+ = 0.7 (10V) + (-5V) = +2V. 

Note 9: Typicals are at 25°C and represent the most likely parametric norm. 

Note 10: Tested Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Design Limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 12: These logic levels have been referenced to V-. The logic levels will shift accordingly for split supplies. 


Pin Descriptions 


Q Logic Inputs 
A, B,C, D,E 
(3,2,1,18.17): 
AGND (4): 


These inputs program the Qs of the two 
2nd-order bandpass filter stages. Logic 
“1” is V+ and logic “0” is V~. 

This is the analog and digital ground pin 
and should be connected to the system 
ground for split supply operation or bi- 
ased to mid-supply for single supply op- 
eration. For best filter performance, the 
ground line should be “clean”. 


V+ (12), These are the positive and negative 

V"(11): power supply inputs. Decoupling the 

power supply pins with 0.1 fxF or larger 
capacitors is highly recommended. 


FI IN (16), 
F2 IN (5): 


FI OUT (15), 
F2 OUT (6): 
AIN (13): 


These are the inputs to the bandpass fil- 
ter stages. To minimize gain error the 
source impedance should be less than 2 
kri. Input signals should be referenced 
to AGND. 

These are the outputs of the bandpass 
filter stages. 

This is the inverting input to the uncom- 
mitted operational amplifier. The non-in- 
verting input is internally connected to 
AGND. 


A OUT (14): 
50/100 (10): 


TTLCLK(7): 


This is the output of the uncommitted 
operational amplifier. 

This pin sets the ratio of the clock fre- 
quency to the bandpass center frequen- 
cy. Connecting this pin To V+ sets the 
ratio to 100:1. Connecting it to V~ sets 
the ratio to 50:1. 

This is the TTL-level clock input pin. 
There are two logic threshold levels, so 
the MF8 can be operated on either sin- 
gle-ended or split supplies with the logic 
input referred to either V- or AGND. 
When this pin is not used (or when 
CMOS logic levels are used), it should 
be connected to either V+ or V-. 


CMOS CLK (8): This pin is the input to a CMOS Schmitt 
Inverter. Clock signals with CMOS logic 
levels may be applied to this input. If the 
TTL input is used this pin should be con- 
nected to V“. 


RC (9): This pin allows the MF8 to generate its 

own clock signal. To do this, connect an 
external resistor between the RC pin and 
the CMOS Clock input, and an external 
capacitor from the CMOS Clock Input to 
AGND. The TTL Clock input should be 
connected to V“ or V+. When the MF8 
is driven from an external clock, the RC 
pin should be left open. 

1.0 Application Information 

1.1 INTRODUCTION 

A simplified block diagram for the MF8 is shown in Figure 1. 
The analog signal path components are two identical 2nd- 
order bandpass filters and an operational amplifier. Each 
filter has a fixed voltage gain of 2. The filters’ cutoff frequen- 
cy is proportional to the clock frequency, which may be ap- 
plied to the chip from an external source or generated Inter- 
nally with the aid of an external resistor and capacitor. The 
proportionality constant fcLK^^o can be set to either 50 or 
100 depending on the logic level on pin 10. The “Q” of the 
two filters can have any of 31 values ranging from 0.5 to 90 
and is set by the logic levels on pins 1, 2, 3, 17, and 18. 
Table I shows the available values of Q and the logic levels 
required to obtain them. The operational amplifier’s non-in- 
verting input is internally grounded, so it may be used only 
for Inverting applications. 

The components in the analog signal path can be intercon- 
nected in several ways, three of which are illustrated in Fig- 
ures 2a, 2b and 2c. The two second-order filter sections can 
be used as separate filters whose center frequencies track 
very closely as in Figure 2a. Each filter section has a high 
input impedance and low output impedance. The op amp 
may be used for gain scaling or other inverting functions. If 
sharper cutoff slopes are desired, the two filter sections 
may be cascaded as in Figure 2b. Again, the op amp is 
uncommitted. The circuit In Figure 2c uses both filter sec- 
tions with the op amp and three resistors to build a “multiple 
feedback loop” filter. This configuration offers the greatest 
flexibility for fourth-order bandpass designs. Virtually any 
fourth-order all pole response shape (Butterworth, Cheby- 
shev) can be obtained with a wide range of bandwidths, 
simply by proper choice of resistor values and Q. The three 
connection schemes in Figure 2 will be discussed in more 
detail in Sections 1 .4 and 1.5. 
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VOLTAGE GAIN (dB) Q DEVIATION FROM Q AT ±5V (%) RATIO DEVIATION FROM RATIO AT 25®C (%) RATIO 


Typical Performance Characteristics 


fcLK/^o RatJo vs Clock 
Frequency— 50:1 Mode 



CLOCK FREQUENCY (Hz) 

^clk/^o Ratio vs 
Temperature — 100:1 Mode 



Q vs Supply Voltage — 
50:1 and 100:1 
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Typical Performance Characteristics (Continued) 
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1.0 Application Information (Continued) 



FIGURE 1. Simplified Block Diagram of the MF8 


V|n1 VqutI V|n2 Voux2 



TL/H/8694-4 


FIGURE 2a. Separate Second-Order “Tracking” Filters 



TL/H/8694-5 

FIGURE 2b. Fourth-Order Bandpass Made by Cascading Two Second-Order Stages 
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1.0 Application Information (Continued) 

R2 



FIGURE 2c. Multiple Feedback Loop Connection 


TL/H/8694-6 


1.2 CLOCKS 

The MF8 has two clock input pins, one for CMOS logic lev- 
els and the other for TTL levels. The TTL (pin 7) input auto- 
matically adjusts its switching threshold to enable operation 
on either single or split power supplies. When this input is 
used, the CMOS logic input should be connected to pin 
11 (V~). The CMOS Schmitt trigger input at pin 8 accepts 
CMOS logic levels. When it is used, the TTL input should be 
connected to either pin 11 (V”) or pin 12 (V+). The basic 
clock hookups for single and split supply operation are 
shown in Figures 3 and 4. 


Clock signals derived from a crystal-controlled oscillator are 
recommended when maximum center frequency accuracy 
is desired, but in less critical applications the MF8 can gen- 
erate its own clock signal as in Figures 3c and 4c. An exter- 
nal resistor and capacitor determine the oscillation frequen- 
cy. Tolerance of these components and part-to-part varia- 
tions in Schmitt-trigger logic thresholds limit the accuracy of 
the RC clock frequency. In the self-clocked mode the TTL 
Clock input should be connected to either pin 11 or pin 12. 


JITL 



(a) MF8 Driven with CMOS Logic Level Clock 


JUL 



(b) MF8 Driven with TTL Logic Level Clock 



(c) MF8 Driven with Schmitt Trigger Oscillator 
FIGURE 3. Dual Supply Operation 


tCLK = 


1 


< 

CO 

1 

1 


+ 

1 

CO 

> 

Ut_/I 


Typically for Vs* = 10V 
"" 1.69 RC 
•Vs = v+ - V- 


TL/H/8694-9 
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1.0 Application Information (Continued) 

1.3 POWER SUPPLIES AND ANALOG GROUND 

The MF8 can be operated from single or dual-polarity power 
supplies. For dual-supply operation, the analog ground (pin 
4) should be connected to system ground. When single sup- 
plies are used, pin 4 should be biased to V+ /2 as in Figures 
3 and 4. The input signal should either be capacitively cou- 


pled to the filter input or biased to V+/2. It is strongly rec- 
ommended that each power supply pin be bypassed to 
ground with at least a 0.1 jaF ceramic capacitor. In single 
supply applications, with V“ connected to ground, V+ and 
AGND should be bypassed to system ground. 


10V 


10k; 



10k> 0.1 /iF 


JUt 


"T" F2 IN 5 

^ F2 OUT 6_ 

V TTL CLK 7 

— 10V ^ 


OV 



5V DC 


f CMOS CLK 8 
RC 9 


(a) MFS Driven with CMOS Logic Level Clock 


>10k 


TL/H/8694-10 



bo.1 ;xF 

>10k 

? F2 0UT_ 

5 

i 

6 

■1— +5V 

V HL CLK 

7 

L-ov 

CMOS CLK 

8 

^ RC. 

9 




+10V 


10 50 / 100 ^ 


^b)^MF8^DrivervwitJvTrtLogiaClock- 



fCLK = - 


RC|n 

Typically for Vs = 10V 
1 


1 

1 

CO 

> 


1 Vvs - yj+ J 

U,J 1 


fCLK = 


1.69 RC 


TL/H/8694-12 


(c) MF8 Driven with the Schmitt Trigger Oscillator 
FIGURE 4. Single supply operation. The AGND pin must be biased to mid-supply. 

The input signal should be dc biased to mid-supply or capacitor-coupled to the input pin. 
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1.0 Application information (Continued) 

1.4 MULTIPLE FEEDBACK LOOP CONFIGURATION 

The multi-loop approach to building bandpass filters Is high- 
ly flexible and stable, yet uses few external components. 
Figure 5 shows the MF8’s internal operational amplifier and 
two second-order filter stages with three external resistors 
In a fourth-order multiple feedback configuration. Higher-or- 
der filters may be built by adding more second-order sec- 
tions and feedback resistors as in Figure 6. The filter’s re- 
sponse is determined by the clock frequency, the clock-to- 
center-frequency ratio, the ratios of the feedback resistor 
values, and the Qs of the second-order filter sections. The 
design procedure for multiple feedback filters can be broken 
down into a few simple steps: 

1) Determine the characteristics of the desired filter. This 
will depend on the requirements of the particular applica- 
tion. For a given application, the required bandpass re- 
sponse can be shown graphically as in Figure 7, which 
shows the limits for the filter response. Figure 7 also makes 
use of several parameters that must be known in order to 
design a filter. These parameters are defined below in terms 
of Figure 7. 



TL/H/8694-15 

FIGURE 7. Graphical representation of the amplitude 
response specifications for a bandpass filter. The 
filter’s response should fall within the shaded area. 


R 


2 



TL/H/8694-13 

FIGURE 5. General fourth-order multiple-feedback bandpass filter circuit. MF8 pin numbers are shown. 


r—VW 

Rn-1 

V— 

I 



BP FILTER #N 
Ho» Qo» ^0 


FIGURE 6. By adding more second-order filter stages and feedback resistors, 
higher order multiple-feedback filters may be built. 
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TL/H/8694-14 
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1.0 Application Information (Continued) 

fci and fc 2 : The filter’s lower and upper cutoff frequencies. 

These define the filter’s passband. 

fsi and fs 2 : The boundaries of the filter’s stopband. 

BW: The filter’s bandwidth. BW = fc 2 “ fci • 

SBW; The width of the filter’s stopband. SBW = fs 2 ~ fsi- 
fo: The center frequency of the filt er, fp is equal to the geo- 
metric mean of fci and fc 2 : fo == Vfcifc2- fo 'S also equal to 
the geometric mean of fsi and fs 2 . 

HoBp: The nominal passband gain of the bandpass filter. 
This is normally taken to be the gain at fo- 
fo/BW: The ratio of the center frequency to the bandwidth. 
For second-order filters, this quantity is also known as “Q”. 
SBW/BW: The ratio of stopband width to bandwidth. This 
quantity is also called “Omega” and may be represented by 
the symbol “H”. 

Amax^ The maximum allowable gain variation within the filter 
passband. This will depend on the system requirements, but 
typically ranges from a fraction of a dB to 3 dB. 

Amin- The minimum allowable attenuation in the stopband. 
Again, the required value will depend on system constraints. 

2) . Choose a Butterworth or Chebyshev response charac- 
teristic. Butterworth bandpass filters are monotonic on ei- 
ther side of the center frequency, while Chebyshev filters 
will have “ripple” in the passband, but generally faster at- 
tenuation outside the passband. Chebyshev filters are spec- 
ified according to the amount of ripple (in dB) within the 
passband. 

3) Determine the filter order necessary to meet the re- 
sponse requirements defined above. This may be done with 
the aid of the nomographs in Figures 8 and 9 for Butter- 
worth and Chebyshev filters. To use the nomographs, draw 
a line through the desired values on the Amax/Amin scales 
to the left side of the graph. Draw a horizontal line to the 
right of this point and mark its intersection with the vertical 
line corresponding to th e re quired ratio SBW/BW. The re- 
^ired filteF^rxien/vill be equal to the number of the curve 
falling on or just above the intersection of the two lines. This 
is illustrated in Figure 10 for a Chebyshev filter with 1 dB 
ripple, 30 dB minimum attenuation in the stopband, and 
SBW/BW = 3. From the Figure, the required filter order is 
6 . 

4) The design tables in section 2.0 can now be used to find 
the component values that will yield the desired response 
for filters of order 4 through 12. The “Kn” give the ratios of 
resistors “Rp” to Rp, and Kq is Q divided by fo/BW. 

As an example of the Tables’ use, consider a fourth-order 
Chebyshev filter with 0.5 dB ripple and fo/BW = 6. Begin by 
choosing a convenient value for Rp, such as 1 00 kn. From 
the “0.5 dB Chebyshev” filter table, Ko = Ro/Rp == 1.3405. 
This gives Ro = Rp X 1.345 = 134.05k. In a similar man- 
ner, R 2 is found to equal 201.61k. Q is found using the 
column labeled Kq. This gives Q = Kq X fo/BW = 8.4174. 


Table I shows the available Q values; the nearest value is 
8.5, which is programmed by tying pins 1, 2, 3, and 18 to V+ 
and pin 17 to V“. 

Note that the resistor values obtained from the tables are 
normalized for center frequency gain Hqbp = 1 . For differ- 
ent gains, simply divide Ro by the desired gain. 

5) Choose the clock-to-center-frequency ratio. This will 
nominally be 100:1 when pin 10 is connected to pin 12(V + ) 
and 50:1 when pin 10 is connected to pin 11(V~). 100:1 
generally gives a response curve nearer the ideal and fewer 
(if any) problems with aliasing, while 50:1 allows operation 
over the highest octave of center frequencies (1 0 kHz to 20 
kHz). Supply the MF8 with a clock signal of the appropriate 
frequency to either the TTL or CMOS input, depending on 
the available clock logic levels. 


TABLE I. Q and Clock-to-Center-Frequency Ratio 
Versus Logic Levels on “Q-set” Pins 



50:1 mode 

100:1 mode 



ABCDE 

Fclk/Fq 

Q 

Fclk/Fq 

Q 



10000 

43.7 

0.45 

94.0 

0.47 



11000 

45.8 

0.71 

95.8 

0.73 



01000 

46.8 

0.96 

96.8 

0.98 



10100 

48.4 

2.0 

98.4 

2.0 



00100 

48.7 

2.5 

98.7 

2.5 



01100 

48.9 

3.0 

98.9 

3.0 



11100 

49.2 

4.0 

99.2 

4.0 



01010 

49.3 

5.0 

99.3 

5.0 



10010 

49.4 

5.7 

99.4 

5.7 



10110 

49.4 

6.4 

99.4 

6.4 



00010 

49.5 

7.6 

99.5 

7.6 



11110 

49.6 

8.5 

99.6 

8.5 



00110 

49.6 

10.6 

99.6 

10.6 



11001 

49.6 

11.7 

99.6 

11.7 



11010 

49.7 

12.5 

99.7 

12.5 



11101 

49.7 

13.6 

99.7 

13.6 



01001 

49.7 

14.7 

99.7 

14.7 



10011 

49.7 

15.8 

99.7 

15.8 



10101 

49.7 

16.5 

99.7 

16.5 



OHIO 

' 49.7 

17 

99.7 

17 



10001 

49.8 

19 

99.8 

19 



10111 

49.8 

22 

99.8 

22 



11011 

49.8 

27 

99.8 

27 



11111 

49.8 

30 

99.8 

30 



00101 

49.8 

33 

99.8 

33 



01011 

49.8 

40 

99.8 

40 



00111 

49.8 

44 

99.8 

44 



00001 

49.9 

57 

99.9 

57 



01101 

49.9 

68 

99.9 

68 



00011 

49.9 

79 

99.9 

79 


fm 

01111 

49.9 

90 

99.9 

90 
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1.0 Application Information (Continued) 

Higher-order filters are designed in a similar manner. An 
eighth-order Chebyshev with 0.1 dB ripple, center frequency 
equal to 1 kHz, and 1 00 Hz bandwidth, for example, could 
be built as in Figure 1 1 with the following component values: 
Ro = 79.86k 
Rp = 100k 
R2 = 57.82k 
R3 = 188.08k 
R4 = 203.42k 

Pins 1, 3, 17 and 18 high, pin 2 low. For 100:1 clock-to-cen- 
ter-frequency ratio, pin 10 is tied to V+ and the clock fre- 
quency is 100 kHz. For 50:1 clock-to-center-frequency ratio, 
pin 10 is tied to V“ and the clock frequency is 50 kHz. 
When building filters of order 4 or higher, best performance 
will always be realized when the filter blocks are cascaded 


in numerical order: Filter 1 (pins 1 6 and 1 5) should always 
precede Filter 2 (pins 5 and 6). If a second MF8 Is used. 
Filter 2 of the first MF8 should precede Filter 1 of the sec- 
ond MF8, and so on. 

Dynamic Considerations 

Some filter response characteristics will result In high gain 
at certain internal nodes, particularly at the op amp output. 
This can cause clipping In Intermediate stages even when 
no clipping is evident at the filter output. The consequences 
are significant distortion and degradation of the overall 
transfer function. The likelihood of clipping at the op amp 
output becomes greater as Rp/Ro increases. As the design 
tables show, Rp/Ro increases with increasing filter order 
and increasing ripple. It is good practice to keep out-of-band 
input signal levels small enough that the first stage can’t 
overload. 
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1.0 Application Information (Continued) 



_rLrLn_ 

TL/H/8694-19 

FIGURE 11. Eighth-Order multiple-feedback bandpass filter using two MF8s. The circuit shown 
accepts a TTL-ievel clock signal and has a ciock-to-center-frequency ratio of 100:1. 


1.5 TRACKING AND CASCADED SECOND-ORDER 
BANDPASS FILTERS 

The individual second-order bandpass stages may be used 
as “stand-alone” filters without adding external feedback 
resistors. The clock frequency and Q logic voltages set the 
center frequency and bandwidth of both second-order 
bandpass filters, so the two filters will have equivalent re- 
sponses. Thus, they may be used as separate “tracking” 
filters for two different signal sources as In Figure 2a, or 
cascaded as in Figure 2b. For individual or cascaded sec- 
ond-order bandpass filters, the -3 dB bandwidth and the 
amplitude response are given by the following two equa- 
tions: 

BW(-3) = |,/2(1/N)-i (1) 



s2 + ^S + Wo2 

where 



1 23456789 10 

SBW 
BW 

TL/H/8694-21 

FIGURE 13. Design Nomograph for Cascaded 
Identical Second-Order Bandpass Filters 

Q = the Q of each second order bandpass stage 
fo = the center frequency of the filter in Hertz 
Wo = 2 TTfo = the center frequency of the filter In radians 
per second 


BW(-3) = the -3 dB bandwidth of the overall filter 



0.1 0.5 1 2 5 10 

FREQUENCY (Hz) 

TL/H/8694-20 

FIGURE 12. H(s) For second-order bandpass filters with 
various values of Q. Hq normalized in each case to 0 dB. 


N = the number of cascaded second-order stages = - 

H(s) = the overall filter transfer function 
H(s) for a second order bandpass filter is plotted in Figure 
12. Curves are shown for several different values of Q. Cen- 
ter frequency is normalized to 1 Hz and center-frequency 
gain is normalized to 0 dB. 

To find the necessary order n for cascaded second-order 
bandpass filters using the nomograph in Figure 13, first de- 
termine the -3 dB bandwidth BW(-3), stopband width 
SBW, and minimum stopband attenuation Amin- Draw a ver- 
tical line up from SBW/BW(-3), and a horizontal line 
across from Amin- The required order is shown on the curve 
just above the point of intersection of the two lines. Remem- 
ber that each second-order filter section will have a center 
frequency gain of 2, so the overall gain of a cascaded filter 
will be 2N. 

Cascading filters in this way may provide acceptable per- 
formance when minimum external parts count is very impor- 
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1.0 Application information (Continued) 

tant, but much greater flexibility and better performance will 
be obtained by using the feedback techniques described in 
1.4. 


1.6 INPUT IMPEDANCE 

The input to each filter block is a switched-capacitor circuit 
as shown in Figure 14. During the first half of a clock cycle, 
the input capacitor charges to the input voltage Vjn, and 
during the second half-cycle, its charge is transferred to a 
feedback capacitor. The input impedance approximates a 
resistor of value 


Rin — 


1 

QnfCLK' 


Cjn depends on the value of Q selected by the Q logic pins, 
and varies from about 1 pF to about 5 pF. For a worst-case 
calculation of Rjn, assume Cjn = 5 pF. Thus, 


Rin(min) 


1 

5 X 10-12fcLK 


NON-OVERLAPPING 

CLOCKS 



FIGURE 14. Simplified MF8 Input Stage 


At the maximum clock frequency of 1 MHz, this gives 
Rjn = 200k. Note that Rjn increases as fcLK decreases, so 
the input impedance should never be less than this number. 
Source impedance should be low enough that the gain isn’t 
significantly affected. 

1.7 OUTPUT DRIVE ^ 

The filter outputs can typically drive a 5 kfl load resistor to 
over ±4V peak-to-peak. Load resistors smaller than 5 kn 
should not be used. The operational amplifier can drive the 
minimum recommended load resistance of 5 kn to at least 
±3.5V. 


1.8 SAMPLED-DATA SYSTEM CONSIDERATIONS 


Aliasing 

The MF8 is a sampled-data filter, and as such, differs in 
many ways from conventional continuous-time filters. An Im- 
portant characteristic of sampled-data systems Is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MF8’s sampling frequency is the 
same as its clock frequency). If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled-data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is fs/2 + 1 0 Hz will 
cause the system to respond as though the input frequency 


was fs/2 - 10 Hz. This phenomenon is known as “alias- 
ing”. Aliasing can be reduced or eliminated by limiting the 
Input signal spectrum to less than fs/2. This may in some 
cases require the use of a bandwidth-limiting filter (a simple 
passive RC network will generally suffice) ahead of the MF8 
to attenuate unwanted high-frequency signals. However, 
since the clock frequency is much greater than the center 
frequency, this will usually not be necessary. 

Output Steps 

Another characteristic of sampled-data circuits is that the 
output voltage changes only once every clock cycle, result- 
ing in a discontinuous output signal {Figure 15). The “steps” 
are smaller when the clock-to-center-frequency ratio is 
100:1 than when the ratio is 50:1. 

Clock Frequency Limitations 

The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 1 0 Hz), the internal capacitors be- 
gin to discharge slightly between clock cycles. This Is due to 
very small parasitic leakage currents. At very low clock fre- 
quencies, the time between clock cycles is relatively long, 
allowing the capacitors to discharge enough to affect the 
filters’ output offset voltage and gain. This effect becomes 
stronger at elevated operating temperatures. 

At higher clock frequencies, performance deviations are pri- 
marily due to the reduced time available for the internal Inte- 
grating op amps to settle. For this reason, the clock wave- 
form’s duty cycle should be as close as possible to 50%, 
especially at higher frequencies. Filter Q shows more varia- 
tion from the nominal values at higher frequencies, as indi- 
cated in the typical performance curves. This is the reason 
for the different maximum limits on Q accuracy at fcLK = 
250 kHz and fcLK = 100 kHz in the table of performance 
specifications. 

Center Frequency Accuracy 

Ideally , the ratio fn i K/f n should be precisely 1 00 o r 50, de^ 
pending on the logic voltage on pin 10. However, as Table I 
shows, this ratio will change slightly depending on the Q 
selected. As the table shows, the largest errors occur at the 
lowest values of Q. 



TL/H/8694-23 

FIGURE 15. Output Waveform of 
MF8 Showing Sampling Steps 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters 


BUTTERWORTH RIPPLE 3 dB 


Ko 

K2 

K3 

K4 

2.0000 

4.0000 



2.3704 

2.6667 

9.1429 


2.9142 

2.0000 

5.8284 

14.3145 

3.6340 

1.6000 

4.4112 

6.9094 

4.5635 

1.3333 

3.5800 

4.3198 



CHEBYSHEV RIPPLE 0.01 dB 


Ko 

K2 

Kg 

1.9041 

3.6339 


1.8277 

1.8450 

6.6170 

1.4856 

0.9919 

3.1209 

1.0171 

0.5740 

1.7484 


Ko 

K2 

K3 

1.8644 

3.4922 


1.7024 

1.6787 

6.0772 

1.2893 

0.8707 

2.7661 

0.8163 

0.4934 

1.5155 


CHEBYSHEV RIPPLE 0.03 dB 



Ko 

K2 

1.8085 

3.3009 

1.5535 

1.4908 

1.0814 

0.7454 

0.6264 

0.4139 


Ko 

K2 

1.7860 

3.2268 

1.5002 

1.4260 

1.0129 

0.7046 

0.5686 

0.3888 




CHEBYSHEV RIPPLE 0.06 dB 


Ko 

K2 

1.7657 

3.1612 

1.4548 

1.3717 

0.9566 

0.6713 

0.5230 

0.3685 







2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (Continued) 


CHEBYSHEV RIPPLE .07 dB 


Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

8 

*10 

1.7471 

1.4150 

0.9089 

0.4856 

3.1020 

1.3249 

0.6431 

0.3516 

4.8943 

2.0808 

1.0959 

2.4466 

0.5316 

1.9842 


0.7609 

1.4232 

2.0543 

2.6649 

CHEBYSHEV RIPPLE .08 dB 

Order 

Ko 

CM 


K4 

Ks 

Ks 

Kq 

4 

6 

8 

1.7298 

1.3795 

0.8675 

3.0478 

1.2837 

0.6187 

4.7534 

2.0060 

2.2887 



0.7905 

1.4679 

2.1130 

CHEBYSHEV RIPPLE .09 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ks 

Kq 

4 

6 

8 

1.7136 

1.3475 

0.8311 

2.9978 

1.2469 

0.5973 

4.6271 

1.9400 

2.1529 



0.8177 

1.5090 

2.1671 

CHEBYSHEV RIPPLE 0.1 dB 

Order 

Ko 

CM 

K3 

K4 

Ks 

Ks 

Kq 

4 

6 

8 

1.6983 

1.3183 

0.7986 

2.9512 

1.2137 

0.5782 

4.5125 

1.8809 

2.0343 


, 

0.8430 

1.5473 

2.2176 

CHEBYSHEV RIPPLE 0.2 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 








- 

4 

6 

8 

^ 1-. 675 / 

1.1128 

0.5891 

2.5998 

0.9894 

0.4551 

3.7271 

1.4954 

1.3309 



1 .0378 

1.8413 

2.6057 

CHEBYSHEV RIPPLE 0.3 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

*8 


2.3575 

0.8560 

0.3861 

3.2501 

1.2760 

0.9885 



1.1804 

2.0568 

2.8914 

CHEBYSHEV RIPPLE 0.4 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

•8 


2.1698 

0.7618 

0.3391 

2.9088 

1.1250 

0.7792 



1.2988 

2.2363 

3.1299 

CHEBYSHEV RIPPLE 0.5 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

*8 



2.6447 

1.0114 

0.6365 



1.4029 

2.3944 

3.3406 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 



CHEBYSHEV RIPPLE 0.6 dB 




Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

1.2816 

1.8857 





1.4975 

6 

0.7530 

0.6316 

2.4305 




2.5385 

*8 

0.2952 

0.2762 

0.9212 

0.5326 



3.5329 

CHEBYSHEV RIPPLE 0.7 dB 

Order 

Ko 

CM 

K3 

K4 

Ks 

Ks 

Kq 

4 

1.2283 

1.7727 





1.5852 

6 

0.7012 

0.5834 

2.2515 




2.6724 

♦8 

0.2601 

0.2535 

0.8471 




3.7119 

CHEBYSHEV RIPPLE 0.8 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ks 

Kq 

4 


1.6731 



[■■lllll 


1.6678 

6 


0.5424 

2.0983 




2.7989 

*8 


0.2344 

0.7846 




3.8811 

CHEBYSHEV RIPPLE 0.9 dB 

Order 

Ko 

CM 

K3 

K4 

Ks 

Ks 

Kq 

4 

1.1347 

1.5841 





1.7464 

6 

0.6171 

0.5068 

1.9650 




2.9194 

*8 

0.2073 

0.2181 

0.7309 




4.0426 

CHEBYSHEV RIPPLE 1.0 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ks 

Kq 

4 

1.0930 

1.5039 





1.8219 

6 

0.5822 

0.4756 

1.8475 




3.0354 

*8 

0.1869 

0.2038 

0.6840 

0.3002 



4.1981 

CHEBYSHEV RIPPLE 1.1 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ks 

Kq 

4 

1.0539 

1.4310 





1.8949 

6 

0.5509 

0.4479 

1.7428 




3.1476 

*8 

0.1693 

0.1913 

0.6426 

0.2660 



4.3487 

CHEBYSHEV RIPPLE 1 .2 dB 


Ko 

K2 

K3 

K4 

Ks 

Ks 

Kq 


1.0173 

1.3643 





1.9657 


0.5226 

0.4231 

1.6487 




3.2567 


0.1540 

0.1801 

0.6056 

0.2372 



4.4952 

CHEBYSHEV RIPPLE 1.3 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

HISH 

Kq 

4 

0.9828 

1.3029 





2.0348 

6 

0.4969 

0.4006 

1.5634 




3.3633 

.8 

0.1406 

0.1701 

0.5724 

0.2125 



4.6385 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 

CHEBYSHEV RIPPLE 1.4 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.9501 

0.4733 

1.2461 

0.3803 

1.4857 




2.1024 

3.4678 

CHEBYSHEV RIPPLE 1.5 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.9192 

0.4515 

1.1934 

0.3616 





2.1688 

3.5705 

CHEBYSHEV RIPPLE 1.6 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.8897 

0.4315 

1.1443 

0.3445 

1.3490 




2.2341 

3.6717 

CHEBYSHEV RIPPLE 1.7 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.8617 

0.4128 

1.0983 

0.3287 

1.2883 




2.2986 

3.7717 

CHEBYSHEV RIPPLE 1.8 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

„ 6 _ j 







2.3624 

3.8706 



CH 

EBYSHEV RIPP 

LE1.9 dB 




Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.8095 

0.3793 

1.0148 

0.3005 

1.1797 




2.4255 

3.9687 

CHEBYSHEV RIPPLE 2.0 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.7850 

0.3641 

0.9767 

0.2878 

1.1308 




2.4881 

4.0660 

CHEBYSHEV RIPPLE 2.1 dB 

Order 

Ko 

CM 


K4 

Ks 

Ke 

Kq 

4 

6 

0.7616 

0.3498 

0.9407 

0.2759 

1.0850 




2.5503 

4.1628 

CHEBYSHEV RIPPLE 2.2 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

6 

0.7391 

0.3364 

0.9067 

0.2648 

1.0420 




2.6122 

4.2591 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 



CHEBYSHEV RIPPLE 2.3 dB 




Order 

Ko 

K2 

Ko 

K4 

Ks 

Ke 

Kq 

4 

0.7176 

0.8744 





2.6737 

6 

0.3237 

0.2544 

1.0016 




4.3550 

CHEBYSHEV RIPPLE 2.4 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.6968 

0.8438 





2.7350 

6 

0.3118 

0.2446 





4.4507 

CHEBYSHEV RIPPLE 2.5 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.6769 

0.8148 





2.7962 

6 

0.3005 

0.2353 





4.5462 

CHEBYSHEV RIPPLE 2.6 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.6577 

0.7871 





2.8573 

6 

0.2897 

0.2265 

0.8935 




4.6415 

CHEBYSHEV RIPPLE 2.7 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.6392 

0.7607 





2.9183 

6 

0.2796 

0.2182 

0.8612 




4.7368 

CHEBYSHEV RIPPLE 2.8 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.6213 

0.7356 





2.9792 

6 

0.2699 

0.2104 

0.8306 




4.8322 

CHEBYSHEV RIPPLE 2.9 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 







3.0402 

6 



0.8016 




4.9276 

CHEBYSHEV RIPPLE 3.0 dB 

Order 

Ko 

K2 

K3 

K4 

Ks 

Ke 

Kq 

4 

0.5875 

0.6886 





3.1013 

6 

0.2519 

0.1959 

0.7739 




5.0231 

Note: Multiple feedback loop filters of higher order than those specified in the tables will oscillate due to phase shift at the output of the summing amplifier. This 
phase shift is not the fault of the MF8; it is inherent in this type of multiple feedback loop topology. In addition, all filters marked with an asterisk (*) will be unstable 
for Q ^ 1 , due to phase shifts caused by the MF8’s switched-capacitor design approach. 
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Na t ion a I 


Semiconductor 


MF10 

Universal Monolitlhio's Dual 
Switched Capacitor Filter 

General Description 

The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 resis- 
tors, can produce various 2nd order functions. Each building 
block has 3 output pins. One of the outputs can be config- 
ured to perform either an allpass, highpass or a notch func- 
tion; the remaining 2 output pins perform lowpass and band- 
pass functions. The center frequency of the lowpass and 
bandpass 2nd order functions can be either directly depen- 
dent on the clock frequency, or they can depend on both 
clock frequency and external resistor ratios. The center fre- 
quency of the notch and allpass functions is directly depen- 
dent on the clock frequency, while the highpass center fre- 
quency depends on both resistor ratio and clock. Up to 4th 
order functions can be performed by cascading the two 2nd 
order building blocks of the MF10; higher than 4th order 
functions can be obtained by cascading MF10 packages. 


Any of the classical filter configurations (such as Butter- 
worth, Bessel, Cauer and Chebyshev) can be formed. 

For pin-compatible device with improved performance refer 
to LMF100 datasheet. 

Featyires 

□ Easy to use 

□ Clock to center frequency ratio accuracy ±0.6% 

□ Filter cutoff frequency stability directly dependent on 
external clock quality 

□ Low sensitivity to external component variation 

□ Separate highpass (or notch or allpass), bandpass, low- 
pass outputs 

□ fo X Q range up to 200 kHz 

□ Operation up to 30 kHz 

□ 20-pin 0;3" wide Dual-ln-Line package 

□ 20-pin Surface Mount (SO) wide-body package 


System Block Diagram 


Comnnection Diagram 


N/AP/HPa S1a BPa LPa 



Vo Va N/AP/HPb SIb BPb LPb 


TL/H/10399-1 


Surface Mount and Dual-ln-Line 
Package 


LPa- 

1 



20 

-LPb 

PPa^ 

2 


— BP§ 

N/AP/HP^- 

3 

18 

-N/AP/HPb 

INVa- 

4 

17 

-INVb 

SlAn 

5 

16 

-SIb 

Vb*" 

6 

15 

-AGND 

V- 

7 

14 

-Va- 

Vd+- 

8 

13 

-V 

LSh- 

9 

12 

-50/ 100/CL 

CLKa- 

10 

11 

-CLKb 


TL/H/1 0399-4 

Top View 


Order Number MF10AJ or MF10CCJ 
See NS Package Number J20A 

Order Number MF10ACWM or 
MF10CCWM 

See NS Package Number M20B 

Order Number MF10ACN or 
MF10CCN 

See NS Package Number N20A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V“) 14V 

Voltage at Any Pin V+ + 0.3V 

V- - 0.3V 

Input Current at Any Pin (Note 2) 5 mA 

Package Input Current (Note 2) 20 mA 

Power Dissipation (Note 3) 500 mW 

Storage T emperature 1 50®C 

ESD Susceptability (Note 1 1 ) 2000V 


Electrical Characteristics v+ = +5.oov and 

apply for Tmin Tmax; aH other limits Ta = Tj = 25°C. 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Operating Ratings (Note d 


Temperature Range 

MFIOACN.MFIOCCN 

MF10CCWM, MF10ACWM 

MF10CCJ 

MF10AJ 


Tmin ^ Ta ^ Tmax 
0“C ^ Ta 70“C 
0“C ^ Ta ^ 70“C 
-40"C ^ Ta ^ 85'’C 
-55”C ^ Ta ^ 125“C 


-5.00V unless otherwise specified. Boldface limits 


Symbol 


MF10ACN,MF10CCN, 
MF10ACWM, MF10CCWM 


MF10CCJ, MF10AJ 


Tvoical Tested Design Tested Design Units 

Limit Limit Limit Limit 

(Note 8) (Note 8) 


Clock Frequency Min 


20 

30 

10 

5.0 


tCLK/fo 50:1 Clock to MF1 OA Q = 1 0 

Center Frequency |^p.| qq Mode 1 
Ratio Deviation 


fCLK = 250 kHz 


Iclk/Iq 

100:1 Clock to MF10A 

Center Frequency ^piOC 
Ratio Deviation 

Q = 10 Vpini2 = OV I 

Mode 1 fCLK ~ 500 kHz 


Clock Feedthrough 

Q = 10 

Mode 1 


Q Error (MAX) 

(Note 4) 

Q=10 Vpini2 = 5V 

Mode 1 fCLK = 250 kHz 

Vpin12 = OV 
fCLK = 500 kHz 

Holp 

DC Lowpass Gain 

Model R1 = R2 = 10k 

Vosi 

DC Offset Voltage (Note 5) 



DC Offset Voltage Min 

Vpinl2= +5V 

(Notes) Max 

(1cLK/1o = 50) 

Min 

Vpin12 = +5V 

Max 

(fCLK/fo = 50) 

DC Offset Voltage Min 

Vnin12 = +5V 


DC Offset Voltage 


pini2 = OV Sa/b = V+ 
(fCLK/fo = 100) 
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Electrical Characteristics (Continued) V+ = +5.00VandV“ = -5.00V unless otherwise specified. 
Boldface limits apply for Tmin to Tmax; all othar Ta = Tj = 25"C. 


Symbol 

Parameter 

Conditions 

MF10ACN, MF10CCN, 
MF10ACWM, MF10CCWM 

MF10CCJ,MF10AJ 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

VOUT 

Minimum Output 
Voltage Swing 

BP, LP Pins 

IT) 

II 

_j 

CE 

±4.25 

±3.8 

±3.8 

±4.25 

±3.8 


V 

N/AP/HP Pin 

Rl = 3.5k 

±4.25 

±3.8 

±3.8 

±4.25 



V 


Op Amp Gain BW Product 










Op Amp Slew Rate 


7 



7 



V/|XS 


Dynamic Range 
(Note 6) 

Vpin12= +5V 
(fCLK/fo = 50) 

83 



83 



dB 

Vpin12 = OV 
(fcLK/fo = 100) 

80 



80 



dB 

isc 

Maximum Output Short 
Circuit Current (Note 7) 

Source 


20 



20 



mA 

Sink 

3.0 



3.0 



mA 


Logic Input Characteristics Boldface limits apply for Twin to Tmax; all other limits Ta = Tj = 25“C 


Parameter 

Conditions 

MF10ACN, MF10CCN, 
MF10ACWM, MF10CCWM 

MF10CCJ,MF10AJ 

Units 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

CMOS Clock 
Input Voltage 

Min Logical “1” 

V+ = +5V,V- = -5V, 
VLSh = OV 


+ 3.0 





V 

Max Logical “0” 


-3.0 

-3.0 




Dj 

Min Logical “1” 

v+ = +10V. V- = OV, 
VLSh = +5V 


+ 8.0 






Max Logical “0” 


+ 2.0 

moon 





TTL Clock 
Input Voltage 

Min Logical “1” 

V+ = +5V,V- = -5V, 
VLSh = OV 







V 

Max Loqical “0” 



+0.8_- 


-4-0.8^ 




Min Logical “1” 

v+ = +10V, V- = OV, 
VLSh 



+ 2.0 


BOS 



Max Logical “0” 


+ 0.8 

+ 0.8 






Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: When the input voltage (Vim) at any pin exceeds the power supply rails (V|n < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ®ja. and the ambient temperature, T/^. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125‘’C, and the typical junction-to-ambient thermal resistance of the MF10ACN/CCN when board mounted is 55“C/W. For the MF10AJ/CCJ, this 
number increases to 95“C/W and for the MF10ACWM/CCWM this number is 6&‘C/\N. 

Note 4: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading “Typical Performance 
Characteristics”. 

Note 5: Vqsi. Vos 2 . smd Vqss refer to the internal offsets as discussed in the Applications Information Section 3.4. 

Note 6: For ±5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 ju,V rms for 
the MF10 with a 50:1 CLK ratio and 280 /xV rms for the MF10 with a 100:1 CLK ratio. 

Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 

Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 11: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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% CHANGE % CHANGE NEGATIVE OUTPUT SWING (V) POWER SUPPLY CURRENT (mA) 


Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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vs Clock Frequency 
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Pin Descriptions 

LP(1,20), BP(2,19),The second order lowpass, bandpass 

N/AP/HP(3,18) and notch/allpass/highpass outputs. 

These outputs can typically sink 1.5 mA 
and source 3 mA. Each output typically 
swings to within IV of each supply. 

INV(4,17) The inverting input of the summing op- 

amp of each filter. These are high Im- 
pedance inputs, but the non-inverting In- 
put is internally tied to AGND, making 
INVa and INVb behave like summing 
junctions (low Impedance, current in- 
puts). 

81(5,16) SI is a signal input pin used in the all- 

pass filter configurations (see modes 4 
and 5). The pin should be driven with a 
source impedance of less than 1 kft. If 
SI is not driven with a signal it should be 
tied to AGND (mid-supply). 


Sa/b(6) This pin activates a switch that connects 

one of the inpu ts of each filter’s seconcL 

summer to either AGND (Sa/b tied to 
V~) or to the lowpass (LP) output (Sa/b 
tied to V+). This offers the flexibility 
needed for configuring the filter in its 
various modes of operation. 

Va‘^(7),Vd+( 8) Analog positive supply and digital posi- 
tive supply. These pins are internally 
connected through the 1C substrate and 
therefore Va+ and Vd+ should be de- 
rived from the same power supply 
source. They have been brought out 
separately so they can be bypassed by 
separate capacitors, if desired. They 
can be externally tied together and by- 
passed by a single capacitor. 

Va“(14), Vd“(13) Analog and digital negative supplies. 

The same comments as for Va"^ and 
Vd"^ apply here. 
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Pin Descriptions (Continued) 


1.0 Definition of Terms 


LSh(9) Level shift pin; it accommodates various 

clock levels with dual or single supply 
operation. With dual ±5V supplies, the 
MF10 can be driven with CMOS clock 
levels (± 5V) and the LSh pin should be 
tied to the system ground. If the same 
supplies as above are used but only TTL 
clock levels, derived from OV to +5V 
supply, are available, the LSh pin should 
be tied to the system ground. For single 
supply operation (OV and +10V) the 
Va“. Vd~ pins should be connected to 
the system ground, the AGND pin 
should be biased at +5V and the LSh 
pin should also be tied to the system 
ground for TTL clock levels. LSh should 
be biased at + 5V for CMOS clock lev- 
els in 10V single-supply applications. 

CLKA(IO), Clock inputs for each switched capaci- 

CLKB(1 1 ) tor filter building block. They should both 

be of the same level (TTL or CMOS). 
The level shift (LSh) pin description dis- 
cusses how to accommodate their lev- 
els. The duty cycle of the clock should 
be close to 50% especially when clock 
frequencies above 200 kHz are used. 
This allows the maximum time for the 
internal op-amps to settle, which yields 
optimum filter operation. 

50/100/CL(12) By tying this pin high a 50:1 clock-to-fil- 
ter-center-frequency ratio is obtained. 
Tying this pin at mid-supplies (I.e, analog 
ground with dual supplies) allows the fil- 
ter to operate at a 100:1 clock-to-cen- 
ter-frequency ratio. When the pin Is tied 
low (i.e., negative supply with dual sup- 
plies), a simple current limiting circuit Is 
triggered to limit the overall supply cur- 
rent down to about 2.5 mA. The filtering 
action is then aborted. 

AGND(15) This Is the analog ground pin. This pin 

should be connected to the system 
ground for dual supply operation or bi- 
ased to mid-supply for single supply op- 
eration. For a further discussion of mid- 
supply biasing techniques see the Appli- 
cations Information (Section 3.2). For 
optimum filter performance a “clean” 
ground must be provided. 


fcLK: ^he frequency of the external clock signal applied to 
pin 10 or 11. 

fo: center frequency of the second order function complex 
pole pair, fo is measured at the bandpass outputs of the 
MF10, and is the frequency of maximum bandpass gain. 
(Figure 1) 

fnotch^ the frequency of minimum (ideally zero) gain at the 
notch outputs. 

the center frequency of the second order complex zero 
pair, if any. If fz is different from fo and if Qz is high, it can be 
observed as the frequency of a notch at the allpass output. 
(Figure 10) 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass outputs of the MF10 and is equal to fo divided 
by the — 3 dB bandwidth of the 2nd order bandpass filter 
(Figure 1). The value of Q determines the shape of the 2nd 
order filter responses as shown in Figure 6. 

Qz: the quality factor of the second order complex zero pair, 
if any. Qz is related to the allpass characteristic, which is 
written: 


Hap(s) = 


H0Ap(s 2 + Wo2^ 

s2 + ^ + a)o2 


where Qz = Q for an all-pass response. 

HoBp: the gain (in V/V) of the bandpass output at f = fo- 
HoLp: the gain (in V/V) of the lowpass output as f ■— > 0 Hz 
(Figure 2). 

HoHp: the gain (in V/V) of the highpass output as f 
tcLK/2 (Figure 3). 

Hon: the gain (in V/V) of the notch output as f — >■ 0 Hz 
and as f tcLK/2, when the notch filter has equal gain 
above and below the center frequency (Figure 4). When the 
low-frequency gain differs from the high-frequency gain, as 
In modes 2 and 3a (Figures 1 1 and 8), the two quantities 
below are used in place of Hqn- 

Hqni: the gain (in V/V) of the notch output as f — ► 0 Hz. 
Hqnz: the gain (in V/V) of the notch output as f fcLK/2. 
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1.0 Definition of Terms (Continued) 




k fo Ih 
f (LOG SCALE) 


fl fo fH 
f(L0G SCALE) 


r: fo = VfLfH 


fL = fo|^^ + . 


fH = fo 1^^ + . 
0)0 = 27rfo 


FIGURE 1. 2nd-0rder Bandpass Response 




Ip Ic 

f (LOG SCALE) 


fo 

f (LOG SCALE) 


Hop = Holp ■ 


FIGURE 2. 2nd-0rder Low-Pass Response 



Jc fp 
f (LOG SCALE) 



fo 

f (LOG SCALE) 




/F5) 




fp - fo X a/1 ; 


Hop = Hohp x 


i /iTX 

QV 4Q2 


FIGURE 3. 2nd-0rder High-Pass Response 




GAIN (V/V) 


1.0 Definitions of Terms (Continued) 



fL fo fH 
f (LOG SCALE) 



fL fo fH 
f (LOG SCALE) 


FIGURE 4. 2nd-0rder Notch Response 


Hon(S^ + 


; fo=>/ra 





fo 

f (LOG SCALE) 



fo 

f (LOG SCALE) 


H0Ap(s2 - ^ 

s2 + ^+C0o2 


FIGURE 5. 2nd-Order All-Pass Response 


(a) Bandpass 





(b) Low Pass 



0.1 0.2 0.5 1.0 2.0 5.0 10 


(c) High-Pass 



].5 1.0 2 5 10 


(d) Notch 



0.1 0.2 0.5 1.0 2 5 10 

FREOUENCY (Hz) 


(e) All-Pass 


Ili^ESiQIIII 


0.1 0.2 0.5 1 


FREQUENCY (Hz) 


FIGURE 6. Response of various 2nd-order filters as a function of Q. 
Gains and center frequencies are normaiized to unity. 


TL/H/10399-15 
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2.0 Modes of Operation 

The MF10 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
is appropriate. Since this is cumbersome, and since the 
MF10 closely approximates continuous filters, the following 
discussion is based on the well know frequency domain. 
Each MF10 can produce a full 2nd order function. See Ta- 
ble I for a summary of the characteristics of the various 
modes. 


MODE 1: Notch 1, Bandpass, Lowpass Outputs: 
♦notch = fo (See Figure 7) 

fo = center frequency of the complex pole pair 

= ^CLK ^CLK 
100 50 


^notch = center frequency of the imaginary zero pair = fo- 

_R2 
R1 
R3 

”ri 


Hqlp = Lowpass gain (as f ^ 0) = 
Hqbp = Bandpass gain (at f = fo) = ■ 


Hon = Notch output gain as 


0 I 
fCLK/2 J 


-R2 

Ri 


Q 


_fo ^ R3 
BW R2 


= quality factor of the complex pole pair 
BW = the — 3 dB bandwidth of the bandpass output. 
Circuit dynamics: 

Horp 

HoLP = Q or HobP = Holp X Q 


= Hon X Q. 

HoLP(peak) = Q X HoLP (for high Q’s) 

MODE la: Non-Inverting BP, LP (See Figure 8 ) 




Q 


fCLK fcy< 
100 50 

R3 
R2 


Holp = ~ 1 i HoLP(peak) — Q X Holp (for high Q’s) 


Hobpi= “ 


R3 

R2 


Hobp 2 = 1 (Non-Inverting) 

Circuit Dynamics: Hobpi = Q 

Note: V|N should be driven from a low impedance (<1 kfl) source. 





Vm 
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2.0 Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: fpotch ^ 
(See Figure 9 ) 


fo = center frequency 


^CLK /R2 fCLK /i 


R4 


+ 1 


^notch “ 


^CLK fcy< 
100 50 


Q = quality factor of the complex pole pair 
_ VR2/R4 + 1 
R2/R3 

Holp = Lowpass output gain (as f 0) 

= R2/R1 

R2/R4 + 1 


Hqbp = Bandpass output gain (at f = fo) = -R3/R1 
HoNi = Notch output gain (as f ^ 0) 

R2/R1 
R2/R4 + 1 

H 0 N 2 ^ Notch output gain ^asf “FI2/R1 


Filter dynamics: Hqbp = Q VHqlp H 0 N 2 ^ VHqni Hon 2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 10) 


fo 

Q 


- V /5? y /51 

100 ^ VR4 50 ^ Vr4 
= quality factor of the complex pole pair 



R3 

R2 


Hohp= Highpass Gain ^asf->~^^ = 
Hqbp = Lowpass Gain ^atf = fo^ = - ^ 
Hqlp = Lowpass Gain ^asf ^ 


Circuit dynamics: — = ; 

R4 Hoiy 

Hqbp = VHqhp X Hqlp x Q 
HoLP(peak) = Q X Hqlp (for high Q’s) 
HoHP(peak) = Q X Hqhp (for high Q’s) 


R4 
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♦In Mode 3, the feedback loop is closed around the input summing amplifier; the finite GBW product of this op amp causes a slight Q enhancement. If this is a 
problem, connect a small capacitor (10 pF - 100 pF) across R4 to provide some phase lead. 

FIGURE 10. MODE 3 
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2.0 Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 
{See Figure 11) 

,0 =!cu<x^/elor^5y<x^/P 

^ 100 VR4 50 VR4 

- /5l 5? 

“ VR4 ^ R2 

M - *^2 

Hohp--^ 

H - 

Hobp--^ 

HoLP - -S7 


m R3 
R4 ^ R2 


= notch frequency = or 

^ 100 V R| 50 V R| 

= gain of notch at 

p 

= gain of notch (as f 0) = x Hq 
R| 

= gain of notch ^asf — ► 

= -^xHohp 


0) = -^ X HolP 


MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 12) 
fo = center frequency 

= !Qy< ^CLK . 

100 50 ’ 

fz* = center frequency of the complex zero ~ fo 

Q =^ = 52; 

BW R2 

R3 

Qz = quality factor of complex zero pair =— 

R1 

For AP output make R1 = R2 
Hoap*= Allpass gain ^atO < f < ^ 

Hqlp = Lowpass gain (as f — ► 0) 


Hqbp = Bandpass gain (at f = fo) 

R3 / R2\ _ ^ /R3\ 

R2i^'^Rlj ^VR2j 


Circuit Dynamics: Hobp = (Holp) x Q = (Hoap + 1)Q 

•Due to the sampled data nature of the filter, a slight mismatch of fj and fo 
occurs causing a 0.4 dB peaking around fo of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 



□ t 

3(1bT 5(16)1 ■i 

p|19) 1 

b”' 1 ■ 





FIGURE 11. MODE 3a 


APa ^1a 
"^(18) ^(16) 


BPa LPa 

^(19) ^(20) 




Sa/B 15 

□6 n 


FIGURE 12. MODE 4 
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2.0 Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 
[See Figure 13) 

fo = Ji +5Hx^2U<or Ji +52x^sy< 

^ V R4 100 V R4 50 


RQ 

VI + R2/R4 X — 
R2 


V1 - R1/R4 X - 


. 51 X 

R4 50 


gain at C.Z. output (as f 
-R2(R4 - R1) 

R1(R2 + R4) 
gain at C.Z. output ( as f 


<] -R2 

/ R1 


/R2 \ R3 

Hobp =-(^+ljx- 

,, /R2 + R1 V R4 

VR2 + R4j ^ R1 


MODE 6a: Single Pole, HP, LP Filter (See Figure 14) 

fc = cutoff frequency of LP or HP output 
= R2 fgijK ^ fcy< 

R3 100 R3 50 


Holp = 

H - '^2 

Hohp - 


MODE 6b: Single Pole LP Filter (inverting and Non-In 
verting) (See Figure 15) 
fc = cutoff frequency of LP outputs 
^ R2 fcy< R2 fgj< 

R3 100 R3 50 


1 (non-inverting) 


H - 

HoLP2 - 



FIGURE 13. MODE 5 
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FIGURE 15. MODE 6b 
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2.0 Modes of Operation (Continued) 


TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios. 


Mode 

BP 

LP 

HP 

N 

AP 

Number of 
Resistors 

Adjustable 

^clk /^0 

Notes 

1 

* 

* 


♦ 


3 

No 


la 

( 2 ) 

Hqbpi = -Q 

HoBP2 = + 1 

Holp + 1 




2 

No 

May need input buffer. 

Poor dynamics for 
high Q. 

2 

* 

« 


« 


3 

Yes (above fcLK^SO 
or fcLK/ 1 00 ) 


3 

* 

♦ 

« 



4 

Yes 

Universal State-Variable 

Filter. Best general-purpose mode. 

3a 

* 

• 

• 

« 


7 

Yes 

As above, but also includes 
resistor-tuneable notch. 

4 

• 

« 



• 

3 

No 

Gives Allpass response with 

Hoap = “1 sod Hqlp = - 2 . 

5 

* 

« 



• 

4 


Gives flatter allpass response 
than above if Ri = R 2 = O. 02 R 4 . 

6 a 


* 

* 



3 


Single pole. 

6 b 


( 2 ) 

HoLP1 = +1 
u _ “B3 

HoLP 2 - 




2 


Single Pole. 


3.0 Applications Information 

The MF10 is a generai-purpose dual second-order state 
variable filter whose center frequency is proportional to the 
frequency of the square wave applied to the clock input 
(fcLK)- By connecting pin 12 to the appropriate DC voltage, 
the filter center frequency fo can be made equal to either 
or ^clk/SO. fo can be very accurately set (within 
± 6 %) by using a crystal clock oscillator, or can be easily 
varied over a wide frequency range by adjusting the clock 
frequency. If desired, the fcLk/^o ratio can be altered by 

external resistors^as In F/ig^yres 9^ id, 11, /-^and /5^The 

filter Q and gain are determined by external resistors. 

Ail of the five second-order filter types can be built using 
either section of the MF10. These are Illustrated in Figures 1 
through 5 along with their transfer functions and some relat- 
ed equations. Figure 6 shows the effect of Q on the shapes 
of these curves. When filter orders greater than two are 
desired, two or more MF10 sections can be cascaded. 

3.1 DESIGN EXAMPLE 

In order to design a second-order filter section using the 
MF10, we must define the necessary values of three param- 
eters: fo, the filter section’s center frequency; Hq, the pass- 
band gain; and the filter’s Q. These are determined by the 
characteristics required of the filter being designed. 

As an example, let’s assume that a system requires a 
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity 
gain at DC, and 1000 Hz cutoff frequency. As the system 
order is four, it is realizable using both second-order sec- 
tions of an MF10. Many filter design texts include tables that 
list the characteristics (f© and Q) of each of the second-or- 
der filter sections needed to synthesize a given higher-order 


filter. For the Chebyshev filter defined above, such a table 

yields the following characteristics: 

foA = 529 Hz Qa = 0.785 

fOB = 993 Hz Qb = 3.559 

For unity gain at DC, we also specify: 

Hoa= 1 
Hob = 1 

The desired clock-to-cutoff-frequency ratio for the overall 
filter of this^ example^is 1 00 and a^ TOO kHz^IbcITsignaris 
available. Note that the required center frequencies for the 
two second-order sections will not be obtainable with clock- 
to-center-frequency ratios of 50 or 100. It will be necessary 
fniK 

to adjust — — externally. From Table I, we see that Mode 3 
TO 

can be used to produce a low-pass filter with resistor-adjust- 
able center frequency. 

In most filter designs involving multiple second-order 
stages, it is best to place the stages with lower Q values 
ahead of stages with higher Q, especially when the higher Q 
Is greater than 0.707. This is due to the higher relative gain 
at the center frequency of a higher-Q stage. Placing a stage 
with lower Q ahead of a higher-Q stage will provide some 
attenuation at the center frequency and thus help avoid clip- 
ping of signals near this frequency. For this example, stage 
A has the lower Q (0.785) so it will be placed ahead of the 
other stage. 

For the first section, we begin the design by choosing a 
convenient value for the Input resistance: Ria 20k. The 
absolute value of the passband gain Hqlpa 's made equal 
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3.0 Applications Information (Continued) 

to 1 by choosing R4A such that: R4A = -Hqlpa Ria = 
Ria = 20k. If the 50/100/CL pin is connected to mid-sup- 
ply for nominal 100:1 clock-to-center-frequency ratio, we 
find R2A by: 


R2A 

R3A 


QaVR2aR 4A = 0.785 V5.6 X 103 X 2 X 10^ = 8.3k 


The resistors for the second section are found in a similar 
fashion: 


Rib = 20k 
R4 B “ Rib 20k 

R 2 B = R4B — 


(fCLK/100)2 


— S-'- 


RsB = Qb VR 2BR4B = 3.559V1 .97X1 04X2X10^ = 70.6k 
The complete circuit is shown in Figure 16 for split ± 5V 
power supplies. Supply bypass capacitors are highly recom- 
mended. 



TL/H/1 0399-25 

FIGURE 16. Fourth-Order Chebyshev Low-Pass Filter from Example in 3.1. 

± 5V Power Supply. 0V-5V TTL or - 5V ± 5V CMOS Logic Levels. 



VOUT 


TL/H/1 0399-26 

FIGURE 17. Fourth-Order Chebyshev Low-Pass Filter from Example In 3.1. 

Single + 10V Power Supply. 0V-5V TTL Logic Levels. Input Signals 
Should be Referred to Half-Supply or Applied through a Coupling Capacitor. 
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3.0 Applications Information (Continued) 


v+ 



TYPICAL VALUES; 

2k ^IQOk 
0.1 /iF ^470 /iF 


TL/H/1 0399-27 

(a) Resistive Divider with 
Decoupling Capacitor 


V+=10V 



(b) Voltage Regulator 


v+ 



(c) Operational Amplifier 
with Divider 


V+ 

FIGURE 18. Three Ways of Generating — for Single-Supply Operation 


3.2 SINGLE SUPPLY OPERATION 

The MF10 can also operate with a single-ended power sup- 
ply. Figure 17 shows the example filter with a single-ended 
power supply. Va+ and Vd+ are again connected to the 
positive power supply (8V to 14V), and Va“ and Vd“ are 
connected to ground. The Aqnd P'n must be tied to V+/2 
for single supply operation. This half-supply point should be 
very “clean”, as any noise appearing on it will be treated as 
an input to the filter. It can be derived from the supply volt- 
age with a pair of resistors and a bypass capacitor (Figure 
18a), or a low-impedance half-supply voltage can be made 
using a three-terminal voltage regulator or an operational 
amplifier (Figures 18b and 18c). The passive resistor divider 
with a bypass capacitor Is sufficient for many applications, 
provided that the time constant is long enough to reject any 
power supply noise. It is also important that the half-supply 
reference present a low impedance to the clock frequency, 
so at very low clock frequencies the regulator or op-amp 
approaches may be preferable because they will require 
s maller capacitors to filter the clock frequency. The main 
power supply voltage should be clean (preferably regulated) 
and bypassed with 0.1 jllF. 

3.3 DYNAMIC CONSIDERATIONS 

The maximum signal handling capability of the MF10, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the MF10 are able to swing to 
within about IV of the supplies, so the input signals must be 
kept small enough that none of the outputs will exceed 
these limits. If the MF10 is operating on ±5V, for example, 
the outputs will clip at about 8 Vp_p. The maximum input 
voltage multiplied by the filter gain should therefore be less 
than 8 Vp_p. 

Note that if the filter Q is high, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain (Figure 6). As an example, a lowpass filter with a Q of 


10 will have a 20 dB peak in its amplitude response at fg. If 
the nominal gain of the filter Hqlp is equal to 1 , the gain at 
fo will be 1 0. The maximum input signal at fo must therefore 
be less than 800 mVp_p when the circuit is operated on 
± 5V supplies. 

Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 (Figure 7). The notch 
output will be very small at fo, so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at fo and can clip if overdriven. If 
one output clips, the performance at the other outputs will 
be degraded, so avoid overdriving any filter section, even 
ones whose outputs are not being directly used. Accompa- 
nying Figures 7 through 15 are equations labeled “circuit 
dynamics”, which relate the Q and the gains at the various 
outputs. These should be consulted to determine peak cir- 
cuit gains and maximum allowable signals for a given appli- 
cation. 


The MFIO’s switched capacitor integrators have a higher 
equivalent input offset voltage than would be found in a 
typical continuous-time active filter integrator. Figure 19 
shows an equivalent circuit of the MF10 from which the out- 
put DC offsets can be calculated. Typical values for these 
offsets with Sa/b tied to V+ are: 

VqsI = opamp offset = ± 5 mV 

Vos2 = -150 mV @ 50:1 -300 mV @ 100:1 

Vos3 = -70 mV @ 50:1 -140 mV @ 100:1 

When Sa/b is tied to V-, Vos2 will approximately halve. The 
DC offset at the BP output is equal to the input offset of the 
lowpass integrator (Vqss)- The offsets at the other outputs 
depend on the mode of operation and the resistor ratios, as 
described in the following expressions. 


374^0FFSETV0LTAGE 
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3.0 Applications Information (Continued) 

Mode 1 and Mode 4 

VOS(N) = Vosi + 1 ll ~ 


VOS(BP) 

VOS(LP) 

Mode la 

Vos(N.INV.BP) = 


^ VoS3 

^ VoS(N)-VoS2 

(l+ijvosr 


Vos(INV.BP) = VoS3 

VOS(LP) = Vos(N.!NV.BP)-Vos2 


Mode 2 and Mode 5 


VoS(N) = 


(c-)' 


] VoS3 

1 + R4/R2 Qa/ 1 + R2/R4 ‘ 
Rp = R1//R3//R4 
VoS(BP) = VoS3 
VOS(LP) = VoS{N) - VoS2 
Mode 3 

VOS(HP) = VoS2 
VOS(BP) =V0S3. 

VOS(LP) = Vosi “ ''0S2 


Rp = R1//R2//R3 



FIGURE 19. MF10 Offset Voltage Sources 



TL/H/1 0399-31 


FIGURE 20. Method for Trimming Vqs 
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3.0 Applications information (Continued) 

For most applications, the outputs are AC coupled and DC 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower AC signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fo and Q. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fcLk/^O significantly higher than the nominal value, espe- 
cially if Q is also high. An extreme example is a bandpass 
filter having unity gain, a Q of 20, and fcLK^^O = 250 with 
pin 12 tied to ground (100:1 nominal). R4/R2 will therefore 
be equal to 6.25 and the offset voltage at the lowpass out- 
put will be about + 1 V. Where necessary , the offset voltage 
can be adjusted by using the circuit of Figure 20. This allows 
adjustment of Vqsi. which will have varying effects on the 
different outputs as described in the above equations. Some 
outputs cannot be adjusted this way in some modes, how- 
ever (Vos(BP) in modes la and 3, for example). 

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 

The MF10 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MFIO’s sampling frequency is the 
same as its clock frequency.) If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is fs/2 + 100 Hz will 
cause the system to respond as though the input frequency 


was fs/2 - 100 Hz. This phenomenon is known as “alias- 
ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than fs/2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
MF10 to limit the input spectrum. However, since the clock 
frequency is much higher than the center frequency, this will 
often not be necessary. 

Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate (Figure 21). If necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the MF10 
output. 

The ratio of fcLK to tc (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise sensitive applications, however, 
a ratio of 50:1 may be better as it will result in 3 dB lower 
output noise. The 50:1 ratio also results in lower DC offset 
voltages, as discussed in Section 3.4. 

The accuracy of the fcLk/fo 's dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in fcLk/fo will be small. If the error Is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 

It should also be noted that the product of Q and fo should 
be limited to 300 kHz when fo < 5 kHz, and to 200 kHz for 
fo > 5 kHz. 



TL/H/1 0399-32 

FIGURE 21. The Sampled-Data Output Waveform 
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National Semiconductor 


Analog Switch 
Definition of Terms 


Ron: Resistance between the output and the input of an current Id going into the switch and the current Is going out 
addressed channel. of the switch. 

Cs*. Capacitance between any open terminal “S” and tRAN^ Delay time when switching from one address state to 
ground. another. 

Cq: Capacitance between any open terminal “D” and toN'- Delay time between the 50% points of an enable Input 

ground. and the switch ON condition. 

Ip-ls: Leakage current that flows from the closed switch topp: Delay time between the 50% points of the enable 

into the body. This leakage is the difference between the input and the switch OFF condition. 
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Analog Switch/Multiplexer Selection Guide 


National Semiconductor 


Analog Switch/Muitiplexer Selection Guide 


Part Number 

AH5011 

AH5012 

LF11 201 /LF1 3201 
LF11202/LF13202 
LF11 331 /LF1 3331 
LF11332/LF13332 
LF11333/LF13333 


QUAD SPST 


QUADSPST 


DUALSPDT 

4-CHANNEL 


4-CHANNEL DIFFERENTIAL 


Logic Input 

TTL, CMOS 
TTU CMOS 


TTL, CMOS 
TTL, CMOS 
TTL, CMOS 


Ton/Toff 

ns(Typ) 



8-CHANNEL 


TTL, CMOS 
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National Semiconductor 


AH0014/AH0014C* DPDT, AH0015/AH0015C Quad 
SPST, AH0019/AH0019C* Dual DPST-TTL/DTL 
Compatible MOS Analog Switches 

General Description 


This series of TTL/DTL compatible MOS analog switches 
feature high speed with internal level shifting and driving. 
The package contains two monolithic integrated circuit 
chips: the MOS analog chip is similar to the MM450 type 
which consists of four MOS analog switch transistors; the 
second chip Is a bipolar I.C. gate and level shifter. The se- 
ries is available in hermetic dual-in-line package. 

These switches are particularly suited for use in both military 
and industrial applications such as commutators in data ac- 
quisition systems, multiplexers, A/D and D/A converters, 
long time constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal switch- 
ing applications. 


The AH0014, AH0015 and AH0019 are specified for opera- 
tion over the - 55“C to + 1 25“C military temperature range. 
The AH0014C, AH0015C and AH0019C are specified for 
operation over the -25®C to +85“C temperature range. 


Features 

■ Large analog voltage switching 

■ Fast switching speed 

■ Operation over wide range of power supplies 

■ Low ON resistance 

■ High OFF resistance 

■ Analog signals in excess of 

■ Fully compatible with DTL or TTL logic 

■ Includes gating and level shifting 


200ft 
10lift 
25 MHz 


Block and Connection Diagrams 


•10 ANALOG 
-1 OUT 1 


Note: All logic Inputs shown at logic “1”. TL/ 

Order Number AH0014D or AH0014CD 
See NS Package Number D14D 


Quad SPST 


12 ANALOG 
OUT 1 


2| 1| 16| 15| 

LOGIC LOGIC LOGIC LOGIC 
4 3 2 1 

Note: All logic inputs shown at logic “1”. TL/ 

Order Number AH0015D or AH0015CD 
See NS Package Number D16C 


Note: All logic inputs shown at logic "1” 


•10 ANALOG 
OUT 2 


Order Number AH0019D or AH0019CD 
See NS Package Number 0140 


•Previously called NH0014/NH0014C and NH00ig/NH0019C 
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AH0014/AH0014C/AH0015/AH0015C/AH0019/AH0019C 


AH0014/AH0014C/AH0015/AH0015C/AH0019/AH0019C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Vcc Supply Voltage 7.0V 

V- Supply Voltage —30V 

V+ Supply Voltage -4- 30V 


Electrical Characteristics (Notes 1 and 2) 


V+/V- Voltage Differential 40V 

Logic Input Voltage 5.5V 

Storage Temperature Range - 65°C to + 1 50‘’C 

Operating Temperature Range 
AH001 4, AH001 5, AH001 9 - 55‘’C to + 1 25"C 

AH0014C, AH0015C, AH0019C -25*0 to +85”C 

Lead T emperature (Soldering, 1 0 sec) OOO^C 


Parameter . 

Conditions 

Min 

Typ 

Max 

Units 

Logical “1” Input Voltage 

Vcc = 4.5V 

2.0 




Logical “0” Input Voltage 

Vcc = 4.5V 



0.8 

HIqB 

Logical “1” Input Current 

Vcc = 5.5V, V|N = 2.4V 



5 

jutA 

Logical “1” Input Current 

Vcc = 5.5V, V|N = 5.5V 



1 

jaA 

Logical “0” Input Current 

Vcc = 5.5V, V|N = 0.4V 


0.2 

0.4 

mA 

Power Supply Current Logical “1” 

Input— Each Gate (Note 3) 

Vcc = 5.5V, V||si = 4.5 V 


0.85 

1.6 

mA 

Power Supply Current Logical “0” 

Input— Each Gate (Note 3) 

Vcc = 5.5V, V|N = 0V 



■I 


AH0014, AH0014C 



1.5 


mA 

AH0015, AH0015C 



0.22 

0.41 

mA 

AH0019, AH0019C 



0.22 

0.41 

mA 

Analog Switch ON Resistance — Each Gate 

V(N (Analog) = +10V 


75 

■■ 

ft 


V|N (Analog) = -10V 


150 

mm 

ft 

Analog Switch OFF Resistance 



1011 


ft 

Analog Switch Input Leakage Current- 
Each Input (Note 4) 

V|N = -10V 



m 


AH0014, AH0015, AH0019 

Ta = 25*C 


25 


pA 


Ta = 125"C 


25 


nA 

AH0014C, AH0015C, AH0019C 

Ta = 25‘‘C 


0.1 

10 

nA 


Ta = 70*C 


30 

100 

nA 

Analog Switch Output Leakage 

Current— Each Output (Note 4) 

VoUT = — 10V 





AH0014, AH0015, AH0019 

Ta = 25“C 


40 

400 

pA 


Ta = 125*0 


40 

400 

nA 

AH0014C, AH0015C. AH0019C 

Ta = 25*c 


0.05 

10 

nA 


Ta = 70*c 


4 

50 

nA 

Analog Input (Drain) Capacitance 

1 MHz @ Zero Bias 


8 

10 

PF 

Output Source Capacitance 

1 MHz @ Zero Bias 


11 

13 

pF 

Analog Turn-OFF Time — topF 

See Test Circuit; Ta = 25*C 


600 

750 

ns 

Analog Turn-ON Time — toN 

See Test Circuit; Ta = 25*C 





AH0014, AH0014C 



350 

425 

ns 

AH0015, AH0015C 



100 

150 

ns 

AH0019, AH0019C 



100 

150 

ns 


Note 1: Min/max limits apply across the guaranteed temperature range of —SS^C to + 125'’C for AH0014, AH0015, AH0019 and -25'*C to +85*0 for AH0014C, 
AH0015C, AH0019C. V" = -20V. V+ = + 10V and an analog test current of 1 mA unless otherwise specified. 

Note 2: All typical values are measured at Ta = 25'’C with Vcc “ 5-OV. V+ = +10V, V" = -22V. 

Note 3: Current measured is drawn from Vcc supply. 

Note 4: All analog switch pins except measurement pin are tied to V+. 
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Analog Switch Characteristics (Note 2 ) 


Ron vs Temperature 



-550 -150 250 650 1050 

AMBIENT TEMPERATURE (OC) 


Ron vs Temperature 



-550 -150 250 650 1050 

AMBIENT TEMPERATURE (oC) 


Ron vs Temperature 



-550 -150 250 65® 1050 

AMBIENT TEMPERATURE (oC) 


CinvsVin 

:V*'=l6vr | — I— I— 1— }— {— 1 

“ -rff IB 

20 -CHANNEL "ON"— CHANNEL "ON" 


CHANNEL "ON" 

\r:=-iov I 


CHANNEL "OFF" 
|V“=-20V 


-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 
ANALOG V,n (V) 


Leakage vs V|n (Channel “OFF”) 

^ rs*. v*='+i6v 1 

S, \r = N0 EFFECT < 


Driver Gate V|n vs Vout 


05 IX) 15 ZO 25 30 35 
INPUT VOLTAGE (V) 

TL/K/10125-6 


Schematic (Single Driver Gate 
and MOS Switch Shown) 


. ANALOG 
V* IN 



Analog Switching Time Test Circuit 
♦lovo Vout 


90%\ ^f = RL(^L''‘^OUT) 


Selecting Power Supply Voltage 

The graph shows the boundary conditions which must be 
used for proper operation of the unit. The range of operation 
for power supply V~ is shown on the X axis. It must be 
between -25V and -8V. The allowable range for power 
supply V+ Is governed by supply V~. With a value chosen 
for V“, V+ may be selected as any value along a vertical 
line passing through the V“ value and terminated by the 
boundaries of the operating region. A voltage difference be- 
tween power supplies of at least 5V should be maintained for 
adequate signal swing. 


/ 

v+- 

1 OPERATING 

1 

III! 
25 -15 

1 

-5 _ 


- 
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National Semiconductor 


AH5010/AH5011/AH5012 Me 
Analog Current Switches 
General Description 

A versatile family of monolithic JFET analog switches eco- 
nomically fulfills a wide variety of multiplexing and analog 
switching applications. 

Even numbered switches may be driven directly from stan- 
dard 5V logic, whereas the odd numbered switches are in- 
tended for applications utilizing 1 0V or 1 5V logic. The mono- 
lithic construction guarantees tight resistance match and 
track. 

For voltage switching applications see LF13331, LF13332, 
and LF13333 Analog Switch Family, or the CMOS Analog 
Switch Family. 

Applications 

Bi A/D and D/A converters 
B Micropower converters 
B Industrial controllers 
B Position controllers 
B Data acquisition 


□ Active filters 

□ Signal multiplexers/demultiplexers 

□ Multiple channel AGC 

□ Quad compressors/expanders 

□ Choppers/demodulators 

□ Programmable gain amplifiers 
o High impedance voltage buffer 

□ Sample and hold 

Features 

□ Interfaces with standard TTL and CMOS 

□ “ON” resistance match 

□ Low “ON” resistance 
o Very low leakage 

□ Large analog signal range 

□ High switching speed 

e Excellent isolation between 
channels 


2a 

woa 

50 pA 
: 1 0V peak 
150 ns 
80 dB 
at 1 kHz 


Connection and Schematic Diagrams (All switches shown are for logical “1 ” Input) 

Dual-In-Line Package Dual-ln-Line Package 



LOGIC DRIVE 


4 CHANNEL 
MUX 


4SPST 

SWITCHES 



5V LOGIC 

AH5010C 

AH5012C 

15V LOGIC 


„„AH5011C 


AH5010C MUX Switches 
(4-Channel Version Shown) 

Order Number AH5010CN 
See NS Package Number M14A or N14A 



AH5011C and AH5012C SPST Switches 
(Quad Version Shown) 

Order Number AH5011CN, 
AH5012CM orAH5012CN 
See NS Package Number M16A or N16A 




Note: All diode cathodes are internally connected to the substrate. 
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AH5010/AH5011/AH5012 


Absolute Maximum Ratings (Note d 


If Military/Aerospace specified devices are required, 

Drain Current 

30 mA 

please contact the National 

Semiconductor Sales 

Soldering Information: 


Office/Distributors for availability and specifications. 

N Package 1 0 sec 

300“C 

Input Voltage 


SO Package Vapor Phase (60 sec.) 

215“C 

AH5010/AH5011/AH5012 

30V 

Infrared (15 sec.) 

220^0 

Positive Analog Signal Voltage 

30V 

Power Dissipation 

500 mW 

Negative Analog Signal Voltage 

-15V 

Operating Temperature Range 

-25‘’Cto +85*0 

Diode Current 

10 mA 

Storage Temperature Range 

-65“Cto +150“C 


Electrical Characteristics AH5oioandAHsoi2(Notes2and3) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

Iqsx 

Input Current “OFF” 

4.5V^Vgd^ 1 1 V, VsD = 0.7V 
Ta=85‘*C 

0.01 

0.2 

10 

nA 

nA 

•d(OFF) 

Leakage Current “OFF” 

VsD = 0.7V. Vgs = 3.8V 

Ta=85“C 

0.02 

0.2 

10 

nA 

nA 

Ig(on) 

Leakage Current “ON” 

Vgd = 0V, Is= 1 mA 

Ta = 85“C 

0.08 

1 

200 

nA 

nA 

Ig(on) 

Leakage Current “ON” 

Vgd=0V, Is= 2 mA 

Ta = 85"C 

0.13 

5 

10 

nA 

julA 

•g(ON) 

Leakage Current “ON” 

Vgd= 0V, ls=-2mA 

Ta = 85“C 

0.1 

10 

20 

nA 

fiA 

|■DS(ON) 

Drain-Source Resistance 

Vgs= 0.35V, Is = 2 mA 
Ta=+85"C 

90 

150 

240 

n 

n 

VdIODE 


Iq= 0.5 mA 


0.8 

V 

rDS(ON) 

Match 

Vgs=0V,Id= 1 mA 

4 

20 

a 

Ton 

Turn“ON”Tlme 

See AC Test Circuit 

150 

500 

ns 

Toff 

Turn “OFF” Time 

See AC Test Circuit 

300 

500 

ns 

CT 

Cross Talk 

See AC Test Circuit 

120 


dB 

Electrical Characteristics ahsoi i (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

Igsx 

Input Current “OFF” 

11V^Vgd^15V, Vsd=0.7V 
Ta=85“C 

0.01 

0.2 

10 

lEii 

Id(off) 

Leakage Current “OFF” 

VsD = 0.7V, Vgs= 10.3 V 

Ta=85“C 

0.01 

0.2 

10 

nA 

nA 

Ig(on) 

Leakage Current “ON” 

Vgd=0V,Is= 1 mA 

Ta = 85“C 

0.04 

0.5 

100 

nA 

nA 

•g(ON) 

Leakage Current “ON” 

Vgd= 0V. ls=2mA 

Ta = 85"C 


2 

1 

nA 

julA 

Ig(on) 

Leakage Current “ON” 

Vgd = 0V, Is=-2mA 

Ta = 85‘‘C 


5 

2 


rDSfON) 

Drain-Source Resistance 

Vgs=1-5V. Is = 2 mA 

Ta = 85‘‘C 



H 

Vdiode 

Forward Diode Drop 

10=0.5 mA 


0.8 

BB 

rDS(ON) 

Match 

Vgs = 0V, Id= 1 mA 

2 

10 

a 

Ton 

Turn “ON” Time 

See AC Test Circuit 

150 

50 

ns 

Toff 

Turn “OFF” Time 

See AC Test Circuit 


500 


CT 

Cross Talk 

See AC Test Circuit, f = 1 00 Hz. 


wmm 



Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Test conditions 25'’C unless otherwise noted. 

Note 3: “OFF" and “ON” notation refers to the conduction state of the FET switch. 

Note 4: Thermal Resistance: 

^JA 

N14A,N16A 92'C/W 

M14A,M16A 115*C/W 
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AH5010/AH5011/AH5012 



AH5010/AH5011/AH5012 


Typical Performance Characteristics 


Parameter Interaction 



1.0 5 10 100 

Vgs gate source cutoff voltage (V) 


Leakage Current, Id(off) 
vs Temperature 



25 35 45 55 65 75 85 

TEMPERATURE I'C) 


“ON” Resistance, rDS(ON) 
vs Temperature 


•c 

— 1 — 
“-1 mA 
1 





Sd 





--- 

— 















25 35 45 55 65 75 85 

TEMPERATURE rc) 


Cross Talk, CT vs Frequency 


■III 

■III 

■III 

■III 

■III 

■III 

■iiiiii 


Ik 10k 100k 

FREQUENCY (Hz) 


Leakage Current vs 
Drain-Gate Voltage 



0 5.0 10 IS 20 

DRAIN-GATE VOLTAGE (V) 


Transconductance vs 
Drain Current 




- 1.0 

DRAIN CURRENT (mA) 


Drain Current vs Bias 
Voltage 



1.0 2.0 3.0 

GATE-SOURCE VOLTAGE (V) 


Normalized Drain 
Resistance vs Bias Voltage 



IVgs/Vgsioff|I - NORMALIZED GATE- 
TO-SOURCE VOLTAGE (V) 



Applications Information 

Theory of Operation 

The AH series of analog switches are primarily intended for 
operation in current mode switch applications; i.e., the 
drains of the FET switch are held at or near ground by oper- 
ating into the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred millivolts 
eliminates the need for a special gate driver, allowing the 
switches to be driven directly by standard TTL, 5V-10V 
CMOS, open collector 15V TTL/CMOS. 

Two basic switch configurations are available: 4 indepen- 
dent switches (SPST) and 4 pole switches used for multi- 
plexing (4 PST-MUX). The MUX versions such as the 
AH5010 offer common drains and include a series FET op- 
erated at Vgs= OV. The additional FET is placed In the 
feedback path in order to compensate for the “ON” resist- 
ance of the switch FET as shown in Figure /. 

The closed-loop gain of Figure 1 is: 

^ _ R2 4- rDS(ON)Q2 

Avcl - p. , — ' — 

+rDS(ON)Q1 

For R1 = R2, gain accuracy is determined by the rpspN) 
match between 01 and 02. Typical match between 01 and 
02 Is 4 ohms resulting In a gain accuracy of 0,05% (for R1 
= R2 = 10 kn). 

Noise Immunity 

The switches with the source diodes grounded exhibit im- 
proved noise immunity for positive analog signals in the 


“OFF” state. With V|n = 15V and the Va= 10V, the source 
of 01 is clamped to about 0.7V by the diode (Vgs= ■^4.3V) 
ensuring that ac signals imposed on the 1 0V input will not 
gate the FET “ON.” 


Selection of Gain Setting Resistors 

Since the AH series of analog switches are operated in cur- 
rent mode, it Is generally advisable to make the signal cur- 
rent as large as possible. However, current through the FET 
switch tends to forward bias the source to gate junction and 
the signal shunting diode resulting in leakage through these 
junctions. As shown in Figure 2, Ig(on) represents a finite 
error in the current reaching the summing junction of the op 
amp. 

Secondly, the rDS(ON) the FET begins to “round” as Is 
approaches loss- A practical rule of thumb is to maintain Is 
at less than Vio of loss- 

Combining the criteria from the above discussion yields: 

(2a) 

IG(ON) 

or: 


^ Va(MAX) 

•oss/io 


(2b) 


whichever is larger. 


COMPENSATION 

FET 



FIGURE 1. Use of Compensation FET 
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AH5010/AH5011/AH5012 


AH5010/AH5011/AH5012 


Applications Information (Continued) 


Where: Va(max) = Peak amplitude of the analog 
input signal 

Ad = Desired accuracy 

Ig(ON) = Leakage at a given Is 

loss == Saturation current of the FET 
switch 
^20 mA 

In a typical application, Va might =±10V, Ad=0.1%, 
O^C^Ta^SS^C. The criterion of equation (2b) predicts: 
(10V) 

For R1 = 5k, Is = 10V/5k or 2 mA. The electrical charac- 
teristics guarantee an Ig(ON)^ 1 M at 85®C for the AH5010. 
Per the criterion of equation (2a): 

Since equation (2a) predicts a higher value, the 10k resistor 
should be used. 

The “OFF” condition of the FET also affects gain accuracy. 
As shown in Figure 3, the leakage across Q2, Id(OFF) repre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


Accordingly: 

Where: Va(min) = Minimum value of the analog 
input signal 

Ad = Desired accuracy 

N = Number of channels 

Id(off) ” “OFF” leakage of a given FET 
switch 

As an example, if N = 10, Ad = 0.1 %, and Id(off) ^ 10 nA 
at 85“C for the AH501 0. R1 (max) is: 

(1V)(10-3) 

R1(MAX)^(,0)(iox10-9) = ''°'' 

Selection of R2, of course, depends on the gain desired and 
for unity gain R1 =R2. 

Lastly, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op amp- 
all of which should be considered in setting the overall gain 
accuracy of the circuit. 

TTL Compatibility 

The AH series can be driven with two different logic voltage 
swings: the even numbered part types are specified to be 
driven from standard 5V TTL logic and the odd numbered 
types from 15V open collector TTL. 


•d - Is + iD(OFF) 


Vai R1 
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Applications Information (Continued) 


Standard TTL gates pull-up to about 3.5V (no load). In order 
to ensure turn-off of the even numbered switches such as 
AH5010, a pull-up resistor, Rext. at least 10 kft should 
be placed between the 5V Vcc and the gate output as 
shown in Figure 4. 

Likewise, the open-collector, high voltage TTL outputs 
should use a pull-up resistor as shown in Figure 5. In 


both cases, tppF) 's improved for lower values of Rext at 
the expense of power dissipation in the low state. 

Definition of Terms 

The terms referred to in the electrical characteristics tables 
are as defined In Figure 6. 


ANALOG 
INPUT (Va) 
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Applications Information (Continued) 


Rds(on) compensating 

ELEMENT 



FIGURE 6. Definition of Terms 


Typical Applications 


De-Glitched Switch for Noiseless Audio Switching 
OFF 



TL/H/5659-7 




Typical Applications (Continued) 


3-Channel Multiplexer with Sample and Hold 


> 11 LF356 

3 ^ 


I 


6 1 6 7 6 8 6 14 

^ CHANNEL 

SAMPLE/HOLO SELECT 

SELECT 


CHARACTERISTICS: TYPICAL OUTPUT 
VOLTAGE DRIFT 
< 5 mV/sec 


8-Bit Binary (BCD) Multiplying D/A Converter* 


, FULL-SCALE ADJUSTMENT 
2k 


I ■=• G2 I 

I - I kT ' 


‘Recommended resistor array connection for D/A application 






AH5010/AH5011/AH5012 


Typical Applications (continued) le-Channel Multiplexer 


10k 3I 

0— AAA^ 

0 *Ar ®I 

. AH 5012 1 

IT j 


Tf1 

1 0--^A^— — ( 

in 


TiTi 

1 1 


TY 


11 1 


IT 


IT 


Ein 8 O— AAAr- 


ITT 


, 3 r” AH5012 1 

Ein9 o— wy— <> 


TT 


EinioO — ^AAr- 


nl 


in 


1 

I 

14 I 

Ein 12 o— ^A/^r— y- 

I 


EmisO— WV-J 


IT 


IT 


lY 


j 

AH5012 n 1 


I 


E1N14O— WV— 


1.1 


rf 


Fif 


li. 


IT 


IT 


IT r- 

■=• 67 ,11 


ITT 



n. 


CHARACTERISTICS: ERROR = 0.4/i,V TYPICAL @ 25“C 
lOjuiV TYPICAL @ TO-C 

Note: The analog switch between the op amp and the 16 input 
switches reduces the errors due to leakage. 

All resistors are 10k. 
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National Semiconductor 


AH5020C Monolithic Analog Current Switch 


General Description 

This versatile dual monolithic JFET analog switch economi- 
cally fulfills a wide variety of multiplexing and analog switch- 
ing applications. 

These switches may be driven directly from standard 5V 
logic. 

The monolithic construction guarantees tight resistance 
match and track. 


Features 

■ Interfaces with standard TTL 

■ “ON” resistance match 2Vt 

■ Low “ON” resistance 1 50ft 

■ Very low leakage 50 pA 

■ Large analog signal range ± 10V peak 

■ High switching speed 150 ns 

■ Excellent Isolation between 80 dB 

channels at 1 kHz 


Applications 

■ A/D and D/A converters 

■ Micropower converters 

■ Industrial controllers 

■ Position controllers 

■ Data acquisition 

■ Active filters 

■ Signal multiplexers/demultiplexers 

■ Multiple channel AGO 

■ Quad compressors/expanders 

■ Choppers/demodulators 

■ Programmable gain amplifiers 

■ High impedance voltage buffer 

■ Sample and hold 

For voltage switching applications see LF13201, LF13202, 
LF13331, LF13332, and LF13333 Analog Switch Family, or 
the CMOS Analog Switch Family. 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Input Voltage 30V 

Positive Analog Signal Voltage 30V 

Negative Analog Signal Voltage - 1 5V 

Diode Current 1 0 mA 


Drain Current 
Power Dissipation 
Operating Temp. Range 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


30 mA 
500 mW 
-25°Cto +85°C 
-eS^Cto +150°C 
300“C 


Electrical Characteristics (Notes 2 and 3) 


Symbols 

Parameter 

Conditions 

Typ 

Max 

Units 

•gsx 

Input Current “OFF” 

Vgd = 4.5V, VsD = 0.7V 

0.01 

0.1 

nA 



Vgd= 11V. VsD = 0.7V 

0.01 

0.2 

nA 



Ta = 85 °c, Vgd = 11V. Vsd = 0.7V 


10 

nA 

Id(off) 

Leakage Current “OFF” 

VsD = 0.7V, Vgs = 3.8V 

0.01 

0.2 

nA 



Ta = 85'’C 


10 

nA 

Ig(on) 

Leakage Current “ON” 

Vgd ~ OV, Is = 1 mA 

0.08 

1 

nA 



Ta = 85'’C 


200 

nA 

Ig(on) 

Leakage Current “ON” 

Vgd = OV, Is = 2 mA 

0.13 

5 

nA 



Ta = 85"C 


10 

fiA 

iG(ON) 

Leakage Current “ON” 

Vgd = OV, Is = -2 mA 

0.1 

10 

nA 



Ta = 85'’C 


20 

jaA 

l'DS(ON) 

Drain-Source Resistance 

Vgs = 0.5V, Is = 2 mA 

90 

150 

n 



Ta = +85“C 


240 

n 


Forward Diode Drop 

Id = 0.5 mA 


0.8 

V 

''DS(ON) 

Match 

Vgs = 0. Id = 1 mA 

2 

20 

n 

Ton 

Turn “ON” Time 

See ac Test Circuit 

150 

500 

ns 

Toff 

Turn “OFF” Time 

See ac Test Circuit 

300 

500 

ns 

CT 

Cross Talk 

See ac Test Circuit 

120 


dB 


Note 1: Absolute Maximum Ratings inidicate limits beyond which damage to the device may occur. DC and AC electrical specificationedo not apply when operating 

the device beyond its specified operating conditions. 

Note 2: Test conditions 25°C unless otherwise noted. 

Note 3: “OFF” and “ON” notation refers to the conduction state of the FET switch. 


Note 4: Thermal Resistance: 

0JA (Junction to Ambient) N/A 

0JC (Junction to Case) N/A 
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AH5020C 


Applications Information 

THEORY OF OPERATION 

The AH5020 analog switches are primarily intended for op- 
eration in current mode switch applications; i.e., the drains 
of the FET switch are held at or near ground by operating 
into the summing junction of an operational arnplifier. Limit- 
ing the drain voltage to under a few hundred millivolts elimi- 
nates the need for a special gate driver, allowing the 
switches to be driven directly by standard TTL. 

If only one of the two switches In each package is used to 
apply an input signal to the input of an op amp, the other 
switch FET can be placed in the feedback path in order to 
compensate for the “ON” resistance of the switch FET as 
shown In Figure 1. 

The closed-loop gain of Figure 1 is: 

AvcL=-5i±^5S!ONlQg 
R 1 + rDS(ON)Q1 

For R1 = R2, gain accuracy is determined by the rDS(ON) 
match between Q1 and Q2. Typical match between Q1 and 
Q2 is 2fl resulting in a gain accuracy of 0.02% (for R1 = R2 
= 10 kft). 


NOISE IMMUNITY 

The switches with the source diodes grounded exhibit im- 
proved noise immunity for positive analog signals In the 
“OFF” state. With V|n = 15V and the Va = 10V, the 
source of Q1 Is clamped to about 0.7V by the diode (Vqs = 
14.3V) ensuring that ac signals imposed on the 10V input 
will not gate the FET “ON”. 


SELECTION OF GAIN SETTING RESISTORS 


Since the AH5020 analog switches are operated in current 
mode, it is generally advisable to make the signal current as 
large as possible. However, current through the FET switch 
tends to forward bias the source to gate junction and the 
signal shunting diode resulting in leakage through these 
junctions. As shown in Figure 2, Ig(ON) represents a finite 
error in the current reaching the summing junction of the op 
amp. 

Secondly, the rpstON) of the FET begins to “round” as Is 
approaches loss- A practical rule of thumb is to maintain Is 
at less than Vio of loss- 

combining the criteria from the above discussion yields: 

(2a) 

,Ig(on) 

or: 


^ Va(MAX) 
loss/ 10 
whichever is larger. 


(2b) 


COMPENSATION 

FET 




8-24 




Applications Information (Continued) 


Where Va(max) 
Ad 

Ig(ON) 

loss 


= Peak amplitude of the analog input 
signal 

= Desired accuracy 
= Leakage at a given Is 
= Saturation current of the FET switch 
= 20 mA 


In a typical application, Va might = ±10V, Aq =0.1%, 0°C 
Ta ^ 85°C. The criterion of equation (2b) predicts: 

10V 
^ ioTiiA 
10 


For R1 = 5k, Is = 10V/5k or 2 mA. The electrical charac- 
teristics guarantee an Ig(ON) ^ Ip-A at SS^C for the 
AH5020. Per the criterion of equation (2a): 


R1(MIN) ^ 


(10V)(10-3) 
1 X 10-6 


^ 10 m 


Since equation (2a) predicts a higher value, the 1 0k resistor 
should be used. 


The “OFF” condition of the FET also affects gain accuracy. 
As shown in Figure 3, the leakage across Q2, Id(OFF) repre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


Accordingly: 

Where Va(min) = Minimum value for the analog input sig- 
nal 

Ad = Desired accuracy 

N = Number of channels 

Id(off) = “OFF” leakage of a given FET switch 
As an example, if N = 10, Ad = 0.1%, and Id(OFF) ^ 10 nA 
at 85“C for the AH5020. RI(maX) is: 

(1V)(10-3) 

R1(MAX)^(10)(iOX10-9) = ^°'' 


Selection of R2, of course, depends on the gain desired and 
for unity gain R1 = R2. 

Lastly, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op 
amp — all of which should be considered in setting the 
overall gain accuracy of the circuit. 



TL/H/5166-16 
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Applications Information (Continued) 

TTL COMPATIBILITY 

Standard TTL gates pull-up to about 3.5V (no Ipad). In order 
to ensure turn-off of the AH5020, a pull-up resistor, Rext of 
at least 10 kfl should be placed between the 5V Vcc and the 
gate output as shown In Figure 4. 


DEFINITION OF TERMS 

The terms referred to in the electrical characteristics tables 
are as defined In Figure 5. 


ANALOG 

input (Va) 



FIGURE 4. Interfacing with + 5V TTL 


SERIES 
ELEMENT 
Is ^ I lo 


ros<ON) COMPENSATING 
ELEMENT 

oiiis r 


FIGURE 5. Definition of Terms 
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Typical Applications 


Deglitched Switch for Noiseless Audio Switching 



Ti./H/5166-19 



GAIN SELECT 


TL/H/51 66-20 





LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF13202 



National Semiconductor 


Quad SPST JFET Analog Switches 

LF11331, LF13331 4 Normally Open Switches with Disable 
LF1 1 332, LF1 3332 4 Normally Closed Switches with Disable 

LF1 1333, LF 13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201, LF13201 4 Normally Closed Switches 
LF11202, LF13202 4 Normally Open Switches 


General Description 

These devices are a monolithic combination of bipolar and 
JFET technology producing the industry’s first one chip 
quad JFET switch. A unique circuit technique is employed to 
maintain a constant resistance over the analog voltage 
range of ±10V. The input is designed to operate from mini- 
mum TTL levels, and switch operation also ensures a break- 
before-make action. 

These devices operate from ±15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog signal 
needs to be controlled. 


Features 

■ Analog signals are not loaded 

■ Constant “ON” resistance for signals up to ±10V and 
100 kHz 

■ Pin compatible with CMOS switches with the advantage 
of blow out free handling 

■ Small signal analog signals to 50 MHz 

■ Break-before-make action topF < tON 

■ High open switch isolation at 1.0 MHz -50 dB 

■ Low leakage in “OFF” state < 1 .0 nA 

■ TTL, DTL, RTL compatibility 

■ Single disable pin opens all switches In package on 
LF11331, LF11332, LF11333 

■ LF11201 is pin compatible with DG201 


Test Circuit and Schematic Diagram 



FIGURE 1. Typical Circuit for One Switch 



TL/H/5667~12 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Saies 
Office/Distributors for availability and specifications. 


(Note 1) 

Supply Voltage (Vcc- V ee) 
Reference Voltage 
Logic Input Voltage 
Analog Voltage 

Analog Current 


36V 

Vee^Vr^Vcc 
Vr— 4.0V ^V|n^Vr + 6.0V 
Vee^Va^Vcc + 6V; 
Va^Vee + 36V 
|IaI< 20 mA 


Power Dissipation (Note 2) 
Molded DIP (N Suffix) 

Cavity DIP (D Suffix) 

Operating Temperature Range 
LF11201,2andLF11331,2.3 
LF1 3201 , 2 and LF1 3331 , 2. 3 
Storage Temperature 
Soldering Information 
N and D Package (10 sec.) 

SO Package 
Vapor Phase (60 sec.) 
Infrared (1 5 sec.) 


500 mW 
900 mW 

-55“Cto +125°C 
0°C to + 70°C 
-65°Cto +150°C 

300“C 

215‘’C 

220°C 


Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF1 1331/2/3 
LF11201/2 

LF13331/2/3 

LF13201/2 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ron 

“ON” Resistance 

Va=0, Id= 1 rnA 

Ta = 25'’C 


150 

200 


150 

250 

n 






200 

300 


200 

350 

n 

Rqn Match 

“ON” Resistance Matching 


Ta = 25°C 


5 

20 


10 

50 

n 

Va 

Analog Range 



±10 

±11 


±10 

±11 


V 

IS(ON) + 

Leakage Current in “ON” Condition 

Switch “ON,” Vs = Vd= ±10V 

Ta = 25°C 


0.3 

5 


0.3 

10 

nA 

•d(ON) 





3 

100 


3 

30 

nA 

IS(OFF) 

Source Current in “OFF” Condition 

Switch “OFF,”Vs=+10V, 

Ta = 25°C 


0.4 

5 


0.4 

10 

nA 



Vd=-10V 



3 

100 


3 

30 

nA 

Id(OFF) 

Drain Current in “OFF” Condition 

Switch “OFF,” Vs = + 10V, 

T. — OK°n 


0.1 

5 


0.1 

10 

nA 



Vd=-10V 

1 


3 

100 


3 

30 

nA 

V|NH 

Logical “1” Input Voltage 



2.0 



2.0 



V 

V|NL 

Logical “0” Input Voltage 





0.8 



0.8 

V 

l|NH 

Logical “1 ” Input Current 

V|n = 5V 

Ta=25“C 


3.6 

10 


3.6 

40 

fiA 







25 



100 

jaA 

l|NL 

Logical “0” Input Current 

V|n = 0.8 

Ta = 25°C 



0.1 



0.1 

jaA 







1 



1 

jaA 

tON 

Delay Time “ON” 

Vs = ± 1 0V, (Figure 3) 

Ta = 25°C 


500 



500 


ns 

tOFF 

Delay Time “OFF” 

Vs=±10V,(F/^£/re5; 

Ta = 25°C 


90 



90 


ns 

tON-tOFF 

Break-Before-Make 

Vs=±10V.(F/^f/re5; 

Ta = 25“C 


80 



80 


ns 

Cs(OFF) 

Source Capacitance 

Switch “OFF,” Vs= ± 10V 

Ta = 25°C 


4.0 



4.0 


pF 

Cd(OFF) 

Drain Capacitance 

Switch “OFF,” Vd=±10V 

Ta = 25°C 


3.0 



3.0 


PF 

Cs(ON) + 
Cd(ON) 

Active Source and Drain Capacitance 

Switch “ON,”Vs = Vd = 0V 

Ta = 25°C 


5.0 



5.0 


pF 

IsO(OFF) 

“OFF” Isolation 

(Figure 4 ), (Note 4) 

Ta==25‘’C 


-50 



-50 


dB 

CT 

Crosstalk 

(Figured), (Note 4) 

Ta = 25“C 


-65 



-65 


dB 

SR 

Analog Slew Rate 

(Note 5) 

Ta = 25°C 


50 



50 


V/jas 

•dis 

Disable Current 

(Figure 5 ), (Note 6) 

Ta = 25“C 


0.4 

1.0 


0.6 

1.5 

mA 






0.6 

1.5 


0.9 

2.3 

mA 

Iee 

Negative Supply Current 

All Switches “OFF,” Vs= ±10V Ta=25“C 


3.0 

5.0 


4.3 

7.0 

mA 






4.2 

7.5 


6.0 

10.5 

mA 

•r 

Reference Supply Current 

All Switches “OFF,” Vs= ± 10V Ta= 25“C 


2.0 

4.0 


2.7 

5.0 

mA 






2.8 

6.0 


3.8 

7.5 

mA 

icc 

Positive Supply Current 

All Switches “OFF,” Vs= +10V Ta=25“C 


4.5 

6.0 


7.0 

9.0 

mA 



I 

1 


6.3 

9.0 


9.8 

13.5 

mA 


Note 1: Refer to RETSF11201X, RETSF11331X, RETSF11332X and RETSF11333X for military specifications. 

Note 2: For operating at high temperature the molded DIP products must be derated based on a + 100°C maximum junction temperature and a thermal resistance 
of + 150®C/W, devices in the cavity DIP are based on a + fSO'C maximum junction temperature and are derated at ± 100“C/W. 

Note 3: Unless othenwise specified, Vcc= +15V, Vee= -15V, Vr= 0V, and limits apply for -55 ‘’C^Ta^ + 125°C for the LF1 1331/2/3 and the LF1 1201/2, 
-25 ‘’C^Ta^ +85“C for the LF1 3331/2/3 and the LF1 3201/2. 

Note 4: These parameters are limited by the pin to pin capacitance of the package. 

Note 5: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates. 

Note 6: All switches in the device are turned “OFF” by saturating a transistor at the disable node as shown in Figure 5. The delay time will be approximately equal 
to the toN or topp plus the delay introduced by the external transistor. 

Note 7: This graph indicates the analog current at which 1 % of the analog current is lost when the drain is positive with respect to the source. 

Note 8: 0 ja (Typical) Thermal Resistance 
Molded DIP (N) 85'’C/W 

Cavity DIP (D) 100’C/W 

Small Outline (M) 105°C/W 
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Connection Diagrams (Top View for SO and Dual-ln-Line Packages) (All Switches Shown are For Logical “0” 


LF11331/LF13331 

iN 4 04 S4 DISABLE Wcc S3 03 IN 3 
lie |l5 |l4 |l3 |l 2 111 |l 0 U 


LF11332/LF13332 

IN 4 04 S4 DISABLE +Vcc S3 03 IN 3 
I 16 |l5 |l4 |l3 |l 2 111 |l 0 f 



|1 |2 |3 |4 |5 |6 |7 |8 

IN 1 01 SI Vr -Vee S2 02 IN 2 


|t |2 |3 |4 |5 |6 |7 |8 

INv 01 SI -Vee Vr S2 02 IN 2 


LF11202/LF13202 

IN 4 04 S4 ^Vcc NC S3 03 IN 3 
|l 6 |lS ll4 ]l3 I 12 |l1 |l0 U 


Order Number LF13201D, LF11201D, LF11201D/883, 
LF13202D, LF11202D, LF11202D/883, LF13331D, 
LF11331D, LF11331D/883, LF13332D, LF11332D, 
LF11332D/883, LF13333D, LF11333D or LH11333D/883 
See NS Package Number D16C 

Order Number LF13201M, LF13202M, LF13331M, 
LF13332M or LF13333M 
See NS Package Number M16A 

Order Number LF13201N, LF13202N, LF13331N, 
LF13332N or LF13333N 
See NS Package Number N16A 


|. |2 |3 |4 |5 |6 |, |. 

IN 1 01 SI -Vee Vr S2 02 INj 
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Test Circuit and Typicai Performance Curves 

Delay Time, Rise Time, Settling Time, and Switching Transients 
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200 ns/div 

TL/H/5667-3 


Additionai Test Circuits 




FIGURE 3. toNs toFF Test Circuit and Waveforms for a Normally Open Switch 



FIGURE 4. “OFF” Isolation, Crosstalk, Small Signal Response 


TL/H/5667-4 
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Typical Performance Characteristics 





Break-Before>Make Action 



-10 -8.0 -2.0 


10 


-50 . 0 50 too 150 


4.0 2.0 0 


-10 -6.0 -2.0 2.0 6.0 10 


Va (VOLTS) 


TEMPERATURE (°C) 


ANALOG CURRENT (mA) 


Va (VOLTS) 


Switching Times 


Crosstalk and “OFF” 
Isolation vs Frequency 
Using Test Circuit 
of Figure 5 




100k 1M 10M 

FREQUENCY (Hz) 


Supply Current 


Va' 

ALLS 

Vee + 5.0V 
WITCHES OFF 








POSITIVE dec) 


1 



NEGATIVE (Iee) 

i T— 



REFERENCE (Ir) 

1 1 



0 5.0 10 15 20 25 

SUPPLY VOLTAGE ('V) 


Supply Current 



-100 50 0 50 100 150 


TEMPERATURE ( C) 



Slew Rate of Analog 
Voltage Above Which 



-100 50 0 50 100 150 


TEMPERATURE ( C) 


Small Signal Response 

6 

3 

0 

-3 

-6 

-9 

1M 10M 100M 

FREQUENCY (Hz) 


1 

1 
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i 

||ina| 

n 

1 

p 

1 

■ 

1 
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■ 

1 

III 

■ 

1 

1 

■ 
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■ 

1 

1 

■ 

1 

in 


Maximum Accurate 
Analog Current 



-100 50 0 50 100 150 

TEMPERATURE! C) 


Logical “1” Input Bias 
Current 



-100 50 0 50 100 150 

TEMPERATURE ( C) 


TL/H/5667-5 
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Application Hints 

GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
with “ON” resistances which are essentially independent of 
analog voltage or analog current. The leakage currents are 
typically less than 1 nA at 25°C in both the “OFF”and “ON” 
switch states and introduce negligible errors in most appli- 
cations. Each switch is controlled by minimum TTL logic 
levels at its input and is designed to turn “OFF” faster than 
it will turn “ON.” This prevents two analog sources from 
being transiently connected together during switching. The 
switches were designed for applications which require 
break-before-make action, no analog current loss, medium 
speed switching times and moderate analog currents. 
Because these analog switches are JFET rather than 
CMOS, they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
foHA^ard diode drops (1 .4V at 25“C) from the reference sup- 
ply (Vr) which makes it compatible with DTL, RTL, and TTL 
logic families. For normal operation, the logic “0” voltage 
can range from 0.8V to -4.0V with respect to Vr and the 
logic “1” voltage can range from 2.0V to 6.0V with respect 
to Vr, provided V|n is not greater than (Vcc“2.5V). If the 
input voltage is greater than (Vcc -"2.5V), the input current 
will increase. If the input voltage exceeds 6.0V or -4.0V 
with respect to Vr, a resistor in series with the input should 
be used to limit the input current to less than lOOjaA. 

ANALOG VOLTAGE AND CURRENT 
Analog Voltage 

Each switch has a constant “ON” resistance (Rqn) £^na- 
log voltages from (Vee-L 5V) to (Vcc“5V). For analog volt- 
ages greater than (Vcc“5V), the switch will remain ON in- 
dependent of the logic input voltage. For analog voltages 
less than (Vee+5V), the ON resistance of the switch will 
in crease. Althoug h the switch wjll not,operate_norman 
when the analog voltage is out of the previously mentioned 
range, the source voltage can go to either (Vee-I- 36V) or 
(Vcc+6V), whichever is more positive, and can go as nega- 
tive as Vee without destruction. The drain (D) voltage can 
also go to either (Vee -F 36V) or (Vcc-l-6V), whichever is 
more positive, and can go as negative as (Vcc ~ 36V) with- 
out destruction. 

Analog Current 

With the source (S) positive with respect to the drain (D), the 
Ron 's constant for low analog currents, but will increase at 
higher currents (>5 mA) when the FET enters the satura- 
tion region. However, if the drain is positive with respect to 
the source and a small analog current loss at high analog 
currents (Note 6) is tolerable, a low Rqn can be maintained 
for analog currents greater than 5 mA at 25°C. 


LEAKAGE CURRENTS 

The drain and source leakage currents, in both the ON and 
the OFF states of each switch, are typically less than 1 nA 
at 25°C and less than 100 nA at 125“C. As shown in the 
typical curves, these leakage currents are Dependent on 
power supply voltages, analog voltage, analog current and 
the source to drain voltage. 

DELAYTIMES 

The delay time OFF (topp) is essentially independent of 
both the analog voltage and temperature. The delay time 
ON (toN) will decrease as either (Vcc"*Va) decreases or 
the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (Vcc) and either 
the negative supply (Vee) or the reference supply (Vr) can 
be as much as 36V. To accommodate variations in input 
logic reference voltages, Vr can range from Vee to 
(Vcc ~ 4.5V). Oare should be taken to ensure that the power 
supply leads for the device never become reversed in polar- 
ity or that the device is never inadvertantly installed back- 
wards in a test socket. If one of these conditions occurs, the 
supplies would zener an internal diode to an unlimited cur- 
rent; and result in a destroyed device. 

SWITCHING TRANSIENTS 

When a switch is turned OFF or ON, transients will appear 
at the load due to the internal transient voltage at the gate 
of the switch JFET being coupled to the drain and source by 
the junction capacitances of the JFET. The magnitude of 
these transients is dependent on the load. A lower value Rl 
produces a lower transient voltage. A negative transient oc- 
curs during the delay time ON, while a positive transient 
occurs during the delay time OFF. These transients are rela- 
tively small when compared to faster switch families. 

DISABLE NODE ^ 

This node can be used, as shown in Figure 5, to turn ail the 
switches in the unit off independent of logic inputs. Normal- 
ly, the node floats freely at an internal diode drop (~0.7V) 
above Vr. When the external transistor in Figure 5 is satu- 
rated, the node is pulled very close to Vr and the unit is 
disabled. Typically, the current from the node will be less 
than 1 mA. This feature is not available on the LF11201 or 
LF11202 series. 

+Vcc 



FIGURE 5. Disable Function 
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Typical Applications 


Sample and Hold with Reset 



Programmable Inverting Non-Inverting Operational Amplifier 



Programmable Gain Operational Amplifier 


I 1 



GAIN SELECT 


TL/H/5667-7 




8-Channel Analog Commutator with 6-Channel Select Logic 



TL/H/5667-8 





Typical Applications (Continued) 


Chopper Channel Amplifier 



Self-Zeroing Operational Amplifier 


0.47*.F 



_rL_.__jn_ “LT 


TL/H/5667-9 








Typical Applications (Continued) 


DSB Modulator-Demodulator 

-TL i_r ! 


J~L IT 









Na tiona l 


Semiconductor 


LF13508 8-Channel Analog Multiplexer 
LF13509 4°Channel Differential Analog Multiplexer 


General Description 

The LF13508 is an 8-channel analog multiplexer which con- 
nects the output to 1 of the 8 analog inputs depending on 
the state of a 3-bit binary address. An enable control allows 
disconnecting the output, thereby providing a package se- 
lect function. 

This device is fabricated with National’s BI-FET technology 
which provides ion-implanted JFETs for the analog switch 
on the same chip as the bipolar decode and switch drive 
circuitry. This technology makes possible low constant 
“ON” resistance with analog input voltage variations. This 
device does not suffer from latch-up problems or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 
break-before-make action. 

The LF13509 is a 4-channel differential analog multiplexer. 
A 2-bit binary address will connect a pair of independent 


analog inputs to one of any 4 pairs of independent analog 
outputs. The device has all the features of the LF13508 
series and should be used whenever differential analog in- 
puts are required. 

Features 

■ JFET switches rather than CMOS 

■ No static discharge blow-out problem 

■ No SCR latch-up problems 

■ Analog signal range 11V, -15V 

■ Constant “ON” resistance for analog signals between 
-11V and 11V 

■ “ON” resistance 380 (I typ 

■ Digital inputs compatible with TTL and CMOS 

■ Output enable control 

■ Break-before-make action: toFF=0-2 ju-s; toN = 2 jas typ 

■ Lower leakage devices available 


Functional Diagrams and Truth Tables 


LF13508 
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LF13508/LF13509 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Positive Supply - Negative Supply (Vcc“Vee) 36V 

Positive Analog Input Voltage (Note 1) Vcc 

Negative Analog Input Voltage (Note 1) “Vee 

Positive Digital Input Voltage Vcc 

Negative Digital Input Voltage - 5V 

Analog Switch Current |lsl < 10 mA 


Electrical Characteristics (Notes) 


Power Dissipation (Pp at 25“C) 


(Notes 2 & 7) 

Molded DIP (N) Pq 

500 mW 

Cavity DIP (D) Pq 

900 mW 

Small Outline (SO) Pd 

500 mW 

Maximum Junction Temperature (Tj^Ax) 

100“C 

Operating Temperature Range 

0“C^Ta^ +70°C 

Storage Temperature Range 

-65‘’Cto +^50^C 

Lead Temperature 

D Package (Soldering, 10 seconds) 

300“C 

N Package (Soldering, 10 seconds) 

260“C 

Surface Mount Package (SO) 

Vapor Phase (60 seconds) 

215*0 

Infrared (15 seconds) 

220“C 


Symbol 

Parameter 

Conditions 

LF13508 

LF13509 

Units 

Min 

Typ 

Max 

Ron 

“ON” Resistance 

VouT=0V,ls=100juiA 

Ta = 25*C 


380 

650 

a 



500 

850 

n 

ARqn 

ARqn with Analog Voltage 
Swing 

, -10V^VouT^ + 10V, ls=100jaA 

Ta = 25*C 


0.01 

1 

% 


Ron Match Between Switches 

VouT = 0V,ls=100p,A 

Ta = 25°C 


20 




Source Current in “OFF” 
Condition 

Switch “OFF”, Vs = 1 1 , Vd = - 1 1 . 
(Note 4) 

Ta = 25*C 



5 1 





jggjl 

nA 

Id(off) 

Drain Current in “OFF” 
Condition 





110311 

nA 





nA 

•□(ON) 

Leakage Current in “ON” 
Condition 






nA 



1 


nA 

V|NH 

Digital “1” Input Voltage 


bhhi 




V 

V|NL 

Digital “0” Input Voltage 





0.7 

V 

•iNL 

Digital “0” Input Current 

V|n = 0.7V 

Ta = 25*C 



30 

jliA 




40 

fxA 

l|NL(EN) 

Digital “Q” Enable Current 

Ven = 0.7V 

Ta = 25*C 


1.2 

30 





40 


Itran 

Switching Time of Multiplexer 

(Figure 1), (Note 5) 

Ta = 25*C 


1.8 


mm 

tOPEN 

Break-Before-Make 

(Figure 3) 

Ta = 25*C 


1.6 


JilS 

tON(EN) 

Enable Delay “ON” 

(Figure 2) 

Ta = 25“C 


1.6 


JXS 

tOFF(EN) 

Enable Delay “OFF” 

(Figure 2) 

Ta = 25“C 


mm 


jas 

•SO(OFF) 

“OFF” Isolation 

(Note 6) 

Ta = 25°C 


mm 



CT 

Crosstalk 

LF13509 Series, (Note 6) 

Ta = 25*C 


mii^i 



Cs(OFF) 

Source Capacitance (“OFF”) 

Switch "OFF”, Vout~3V, 

Vs=0V 

Ta = 25*C 





Cd(OFF) 





11.4 


PF 

•cc 


All Digital Inputs Grounded 



7.4 

12 

mA 



mm 

15 

mA 

•ee 


All Digital Inputs Grounded 

Ta = 25*C 


2.7 

5 

mA 



2.8 

6 

mA 
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Electrical Characteristics (Continued) 

Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj^Ax. ^jA. and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is PD = (TjMAX“TA)/0jA or the 25®C Pdmax. whichever is less. 

Note 3: These specifications appiy for Vs= ±15V and over the absolute maximum operating temperature range (Tl^Ta^Th) unless othenwise noted. 

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an “OFF” channel to turn “ON”. 

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 

Note 6: “OFF" isolation is measured with all switches “OFF” and driving a source. Crosstalk is measured v/ith a pair of sv/itches “ON", driving channel A and 
measuring channel B. Rl=200, Cl =7 pF, Vs = 3 Vrms, f = 500 kHz. 

Note 7: Thermal Resistance 0jA (Junction to Ambient) 

Molded DIP (N) 150“C/W 

Cavity DIP (D) 100“C/W 


Connection Diagrams 


LF13508 

Dual-ln-Line (N or D) or Small Outline (SO) Packages 


LF13509 

Dual-ln-Line (N or D) or Small Outline (SO) Packages 



TOP VIEW 


TOP VIEW 


Order Number LF13508D 
See NS Package Number D16C 

Order Number LF13508M 

See NS Package Number M16A 
Order Number LF13508N 
See NS Package Number N16A 


Order Number LF13509D 
See NS Package Number D16C 
Order NumberLFI 3509M 


See NS Package Number M16A 
Order Number LF13509N 
See NS Package Number N16A 


AC Test Circuits and Switching Time Waveforms 


15V 



FIGURE 1. Transition Time 



TL/H/5668-3 



8-41 


LF13508/LF13509 



LF13508/LF13509 


AC Test Circuit and Switching Time Waveforms (Continued) 


15V 


ENABLE 

INPUT 


LOGIC 

INPUT 



FIGURE 2. Enable Times 

15V 





INPUT / \ 

DRIVE / A 

OV — ' V ' 


FIGURE 3. Break-Before-Make 


TL/H/5668-4 


Transition Times and Transients 

Va = 10V Va = 5V 




1 iiS/OIV 

Va = 0V 

GNO 


TL/H/5668-5 


Vd 


V|W 



1 mS/OIV 

VA--10V 

GNO 


TL/H/5668-7 


Vo 


V|N 


1 mS/DIV 


TL/H/5668-9 


I 



1 AfS/OIV 

Va = -5V 

GNO 


TL/H/5668-6 


V|N 


1 mS/DIV 


TL/H/5668-8 


Test Circuit 


15V 
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BIAS CURRENTS OiA) TIME Oa) CURRENT (nA) 


Typical Performance Characteristics 


“ON” Resistance 


“ON” Resistance 


“ON” Resistance 
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Application Hints 

The LF11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 differ- 
ent analog inputs. These multiplexers incorporate JFETs In 
a switch configuration which insures a constant “ON” resist- 
ance over the analog voltage range of the device. Four TTL 
compatible inputs are provided; a 3-bit binary decode to se- 
lect a particular channel and an enable input used as a 
package select. The switches operate with a break-before- 
make action preventing the temporary connection of 2 ana- 
log inputs during switching. Because these multiplexers are 
fabricated with the BI-FET process rather than CMOS, they 
do not require special handling. 

The LF11509 series is a 4-channel differential multiplexer 
which allows two loads to be connected to 1 of 4 different 
pairs of analog Inputs. The LF11509 series also has all the 
features of the LF11508. 

ANALOG VOLTAGE AND CURRENT 

The “ON” resistance, Rqn. the analog switches is con- 
stant over a wide input range from positive (Vcc) supply to 
negative (-Vee) supply. 

The analog input should not exceed either positive or nega- 
tive supply without limiting the current to less than 1 0 mA; 
otherwise the multiplexer may get damaged. For proper op- 
eration, however, the positive analog voltage should be kept 
equal to or less than Vcc “ 4V as this will increase the 
switch leakage in both “ON” and “OFF” state and it may 
also cause a false turn “ON” of a normally “OFF” switch. 
This limit applies over the full temperature range. 

The maximum allowable switch “ON” voltage (the drop 
across the switch in the “ON” condition) Is +0.4V over tem- 
perature. If this number is to exceed the input current should 
be limited to 10 mA. 

The “ON” resistance of the multiplexing switches varies 
slightly with analog current because they are JFETs running 
at OV gate to source. The JFET characteristics shown in 
Figure 4 Indicates how Rqn tends to vary with current. A 
lower Ron possible when the source voltage is negative 
with respect to the drain voltage because the JFET be- 
comes enhanced. Caution should be used when operating 
in this mode as this may fonvard-bias an internal transistor 
and cause high currents to flow in the switches. Thus, the 
drain voltage should never be greater than 0.4V positive 
with respect to the source voltage without limiting the drain 
current to less than 10 mA. 


LEAKAGE CURRENTS 

Leakage currents will remain within the specified value as 
long as the drain and source remain within the specified 
analog voltage range. As the switch terminals exceed the 
positive analog voltage range “ON” and “OFF” leakage 
currents increase. The “ON” leakage increases due to an 
internal clamp required by the switch structure. The “OFF” 
leakage Increases because the gate to source reverse bias 
has been decreased to the point where the switch becomes 
active. Leakage currents vary slightly with analog voltage 
and will approximately double for every lO^C rise In temper- 
ature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The turn off time is much faster than the turn 
on time to guarantee this feature over the full range of ana- 
log input voltage and temperature. Switching transients are 
introduced when a switch is turned “OFF”. The amplitude of 
these transients may be reduced by increasing the load ca- 
pacitance or decreasing the load resistance. The actual 
charge transfer in the transient may be reduced by operat- 
ing on reduced power supplies. Examples of switching times 
and transients are shown in the typical characteristic 
curves. The enable function switching times are specified 
separately from switch-to-switch transition times and may 
be thought of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF11508 series is accomplished by 
using a 3-bit binary decode while the LF1 1 509 series uses a 
2-bit decode. These binary logic inputs are compatible with 
both TTL and CMOS logic voltage levels. The maximum 
positive voltage applied to these inputs may exceed Vcc but 
should not exceed - Vee + 36V. The maximum negative 
voltage should not be less than 4V below ground as this will 
cause an internal device to zener and all the switches will 
turn “ON”. 

As shown in the schematic diagram, the logic low bias cur- 
rent will flow until the PNP input is raised above the 3 diode 
reference (—2.1V). Above this voltage the input device be- 
comes reverse biased and the input current drops to the 
leakage of the reverse biased junction (<0.1 juA). 



- 2-1012 
VsD (V) 



- 2-10 1 2 
VsD <V) 


FIGURE 4. JFET Characteristics 


TL/H/5668-12 
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Typical Applications 

DATA ACQUISITION SYSTEM 

A SIMPLIFIED SYSTEM DISCUSSION TABLE I. 


Analog multiplexers (MUX) are usually used for multi-chan- 
nel Data Acquisition Units (DAU). Figure 5 shows a system 
in which 8 different analog inputs are sampled and convert- 
ed into digital words for further processing. The sample and 
hold circuit is optional, depending on input speed require- 
ments and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual sam- 
ple with the system operating at the throughput rate. 

Speed or Throughput Rate: Number of samples/second/ 
channel the system can handle. 

For a discussion on system structure, addressing mode and 
processor interfacing, see application note AN-1 59. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer’s Influence on System Accuracy (Figure 6). 
a. The error, (E), caused by the finite “ON” resist- 
ance, Ron. of the multiplexing switches is given 
by: 


E(%) = where: 

1 + Rin/(Ron + Rs + aRon) 

Rin = following stage input impedance 
ARqn "ON” resistance modulation which is 
negligible for JFET switches like the LF11508 
Example: Let Rqn = 450 fl, ARqn = 0, Rs = 0, Ta 
= 25“C and allowable E = 0.01 % which is equivalent 
to 1 /2 LSB in a 1 2-blt system: 

rJ 

I min E 

Note that if temperature effects are included, some 
gain (or full scale) drift will occur; but effects on linearity 
are small. 

b. Multiplexer settling time (tg): 

fs(ON): is the time required for the MUX output to 
settle within a predetermined accuracy, as 
shown in Table I. 


ERROR % 

BITS 

ts(ON) 

TO 1/2 LSB 

0.2 

8 

6.2t 

0.05 

10 

7.6t 

0.01 

12 

9t 

0.0008 

16 

11. 8t 


t = Cs (Ron + Rs) II Rin 

ts(OFF)- is the time It takes to discharge Cs within 
a tolerable error. The “OFF” settling time should 
be taken Into account for bipolar inputs where its 
effects will appear as a worse case of doubling 
of the ts(ON)- 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces errors into 
the system accuracy due to: 

• Offset voltage of sample and hold 

• Droop rate in the Hold mode 

• Ta; Aperture time or time delay between the time of a 
digital Hold command and the actual Hold occurance 

• Taq: Acquisition time or time it takes to acquire an 
analog input and settle within a predetermined error 
band 

® Hold step: Error created during the Sample to Hold 
mode caused by an undesirable charge injected into 
the Hold capacitor Ch- 

For more details on sample and hold errors, see the 
LF198/LF298/LF398 data sheet. 

3. A/D Converter Influence on System Accuracy 

The “accuracy” of the A/D converter Is the best possible 
system accuracy. In most data acquisition systems, the 
— A/D converter-is the^most expensive single„component, 
so its error will often dominate system error. Care should 
be taken that MUX, S/H and input source errors do not 
exceed system error requirements when added to A/D 
errors. For instance, if an 8-bit accuracy system is desired 
and an 8-bit A/D converter is used, the accuracy of the 
MUX and S/H should be far better than 8 bits. 

For details on A/D converter specifications, see AN-156. 


Cs (Figure 6): MUX output capacitance + fol- 
lowing stage input capacitance + any stray ca- 
pacitance at this node. 



n BITS WORD 


CONVERSION COMPLETE 


FIGURE 5. Random-Addressed, Multiplexed DAU 
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Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 with the S/H omitted, if n-bit accu- 
racy is desired, the change of the analog input voltage 
should be less than ±1/2 LSB over the A/D conversion 
time Tc- In other words, the analog input slew rate, (rate of 
change of input voltage), will cause a slew-induced error 
and its magnitude, with respect to the total system error, will 
depend on the particular application. 

AV|n I ±1/2LSB _ Vfs 
A t Lax"^ Tc ”2nxTc 

where Vps is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch time 
since we can let the unit settle before starting conversion. 

Example: Let Tc = 40 jas (MM4357), Vps = 10V and n 

= 8. 


At I max P'S 

which is a very small number. A 1 0 Vp-p sine wave of a 
frequency greater than 32 Hz will have higher slew rate 
than this. The maximum throughput rate of the above 8- 
channel system would be calculated using both the A/D 
conversion time and the sum of MUX switch "ON” time 
and settling time, i.e.: 


Th. R = — — — = 3k samples/sec/ 

I max “UC Tmux) channel 

Tmux = Ton + Ts(on) 

Also notice that Nyquist sampling criteria would allow 
each channel to have a signal bandwidth of 1 .5 kHz max, 
while the slew limit dictates a maximum frequency of 32 
Hz. If the input signal has a peak-to-peak voltage less 
than 10V, the allowable maximum input frequency can be 
calculated by: 

(Slew Rate)max 


On the other hand, if the input voltage is not band-limited a 
low pass filter with an attenuation of 30 dB or better at 1 .5 
kHz, should be connected in front of the MUX. 

1 . Improving System Speed with a Sample and Hold 
The system speed can be improved by using the 
S/H shown In Figure 5. This allows a much greater 
rate of change of V|n. 


where Ta is the aperture time of the S/H. This repre- 
sents an input slew rate Improvement by a factor: Tq/ 
Ta- Here again, the slew rate error is not affected by 
the acquisition time of the Sample and Hold since con- 
version will start after the S/H has settled. An impor- 
tant thing to notice is that the sample and hold errors 
will add to the total system error budget; therefore, the 
inequality of the A VjN/Lt expression should become 
more stringent. 

Example: Tc = 40 jas, Ta = 0.5 juis, n = 8: Tq/Ta = 80 
So the use of a S/H allows a speed improvement by 
nearly two orders of magnitude. 

The maximum throughput rate can be calculated by: 

Th R I = 1 

Imax 8 (Ta + Taq + Tc) 

Notice that Tmux does not affect the AV|N/At expression 
nor the throughput rate of the system since it may be 
switched and settled while the Sample and Hold Is in the 
Hold mode. This is true, provided that: Tmux < Ta + Tc- 

C. SYSTEM EXAMPLE (Figure 7) 

The LF398 S/H with a 1000 pF hold capacitor, has an ac- 
quisition time of 4 \xs to 0.1 % (1 /4 LSB error for 8 bits) and 
an aperture time of less than 200 juts. On the other hand, 
after the hold command, the output will settle to ± 0.05 mV 
in 1 juis. This, together with the acquisition time, introduces 
approximately a ± 1 /4 LSB error. Allowing another 1 /4 LSB 
error for hold step and gain non-linearity, the maximum slew 
error (AV|N/At) should not exceed 1/4 LSB or: 


AVin 1 1 1 

At ^4^ 256 ^Ta 


— X — =5mV/^s 


(which is the maximum slew rate of a 5 V peak sine wave. 
Also notice that, due to the above input slew restrictions, 
the analog delay caused by the finite BW of the S/H and the 
digital delay caused by the response time of the controller 
will be negligible. The maximum throughput rate of the sys- 
tem is: 

Th. R = — - = 2800 samples/sec/ch. 

Imax 8(5 + 40)10-6 

If the system speed requirements are relaxed, but the A/D 
converter is still too slow, then an inexpensive S/H can be 
built by using just a capacitor and a low cost FET input op 
amp as shown in Figure 8. 


2"XTa 
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Typical Applications (Continued) 


D. DOUBLING THE SYSTEM CHANNEL CAPABILITY 


This is done in two different ways. First, we can use second 
level multiplexing with speed benefits, as shown in Figure 9. 
A fast 2-channel multiplexer, made by the dual analog 
switch AM182, accepts the outputs of each 8-channel MUX, 
LF13508, and then feeds them sequentially into an 8-bit 
successive approximation A/D converter. With this tech- 
nique, the throughput rate of the system can again be made 
independent of the LF13508 speed. Looking at the timing 
diagram, when the A/D converter converts the analog value 
of an upper multijalexer channel, we switch channels In the 
lower multiplexer for the next conversion. This can be done 
provided that; 

Tmux ^ Tc + 1 CP 

The LF356 connected as unity gain buffers are used be- 
cause of the low Input impedance of the A/D; they are con- 
nected between multiplexers for speed optimization. With a 
maximum clock frequency of 4.5 MHz: 


106 

Th. R = ^ ^ = 31.25k samples/sec/channel 


AV|n 10 1 

— — < X 

At rnEx 25S 2jixS 


19.5 mV/jLis forlOVps 


An alternate way to increase the system channel is shown 
in Figure 10, where the enable pins are used to disable one 
MUX while the other is sampling. With this method, many 8- 
channel multiplexers can be connected, but the parasitic 
capacitance at the common output node will keep increas- 
ing and will eventually degrade the settling time, ts(ON)- 
Also, the MUX speed will now affect the system throughput. 
If, for instance, this method was used instead of second 
level multiplexing, the system of Figure 9 will lose half of Its 
speed. If, however, speed is not the prime system require- 
ment, the approach of Figure 10 is more cost effective. 

E. DIFFERENTIAL INPUT SYSTEMS 

Systems operating in Industrial environments may require 
an instrumentation amplifier to separate the desired analog 
signal from any common-mode signal present. The 
LF11509 was designed to provide 4 pairs of differential in- 
put signals to the input of an instrumentation amplifier for 
further process. 


15V -15 V 





CHANMEL SELECT 


TO A/D 


TL/H/5668-15 


• The acquisition time, T^, of the Sample and Hold depends upon; Rqn. loss ot switches, Zqut pt switches 

• loss ^1-5 mA, ZoUT~ 40 kft 

• ViN= 10V, Chf= 1000 pF, Ta= 20 jxs to 0.1% 

• Error created by charge injection during Hold mode: AVe = 10 pF (14.5V-V|N)/Ch 


FIGURE 8. Inexpensive Sample and Hold 
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Packing Considerations (Methods, Materials and Recycling) 


Transport Media 

Ali NSC devices are prepared, inspected and packed to in- 
sure proper physical support and to protect during transport 
and shipment. All assembled devices are packed in one or 
more of the following container forms— immediate contain- 
ers, intermediate containers and outer/shipping containers. 
An example of each container form is illustrated below. 

IMMEDIATE CONTAINER 



Stopper 



1C Device 



TL/P/1 1809-2 


IC Device 



INTERMEDIATE CONTAINER 

Tape & Reel 
Box 





Dry Pack 
Bag 


Trays 


TL/P/1 1809-6 


OUTER/SHIPPING CONTAINER 
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Packing Considerations 


Methods of immediate carrier packing include insertion of 
components into molded trays and rails/tubes, mounting of 
components onto tape and reel or placement in corrugated 
cartons. The immediate containers are then packed into in- 
termediate containers (bags or boxes) which specify quanti- 
ties of trays, rails/tubes or tape and reels. Outer/shipping 
containers are then filled or partially filled with intermediate 
containers to meet order quantity requirements and to fur- 
ther insure protection from transportation hazards. Addition- 
al dunnage filler material is required to fill voids within the 
intermediate and outer/shipping containers. 

General Packing Requirements 

NSC packing methods and materials are designed based on 
the following considerations: 

~ Optimum protection to the products — it must provide ad- 
equate protection from handling (electrostatic dis- 
charge) and transportation hazards; 


— Ease of handling — it should be easy to assemble, load 
and unload products in and from it; and 

— Impacts to the environment — it shall be reusable and 
recyclable. 

Levels of Product Packing 

IMMEDIATE CONTAINER 

The first level of product packing Is the Immediate container. 
The immediate container type varies with the product or 
package being packed. In addition, the materials used in the 
immediate container depend on the fragility, size and profile 
of the product. The four types of immediate containers used 
by NSC are rails/tubes, trays, tape and reel, and corrugated 
and chipboard containers. 

Rails/tubes are generally made of acrylic or polyvinyl chlo- 
ride (PVC) plastics. The electrical characteristics of the ma- 
terial are altered by either intrinsically adding carbon fillers, 
and/or topically coating it with antistatic solution. Refer to 
Table I for rail/tube material and recyclability information. 


TABLE I. Plastic Rail/Tube and Stopper Requirements 


Package 

Type 

Rail 


Stopper 

Material 

Code/Symbol 
(Note 1) 


Material 

Code/Symboi 
(Note 1) 

Type 

Recyclability 

DIP’S 







Plastic 

Polyvinylchloride 

03/PVC 

Pin 

Polyamide 

07/PA 

Yes 

Ceramic 

Polyvinylchloride 

03/PVC 

Pin 

Polyamide 

07/PA 

Yes 

Sidebraze 

Polyvinylchloride 

03/PVC 

Pin 

Polyamide 

07/PA 

Yes 

PLCC 

Polyvinylchloride 

03/PVC 

Plug 

Rubber 

07/SBR 

Yes 

TapePak 

Polyvinylchloride 

03/PVC 

Plug 

Rubber 

07/SBR 

Yes 

Flatpack 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

Cerpack 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

TO-220/202 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

TO-5/8 

Polyvinylchloride 

03/PVC 

Pin 

Polymide 

07/PA 

Yes 

(In Carrier) 







SOP 

Polyvinylchloride 

03/PVC 


Rubber 

07/SBR 

Yes 

LCC 

Polyvinylchloride 

03/PVC 

Plug 

Rubber 

07/SBR 

Yes 

18L-44L 








Note 1: ISO 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 









Molded injection and vacuum formed trays can be either depending on the material type. Vacuum formed trays are 

conductive or static dissipative. Molded injection trays are only used in ambient room temperature conditions. Refer to 

classified as either low-temperature or high-temperature Table il for tray material and recyclability information. 


TABLE (I. Tray Requirements 


Package 

Type 



Tray 


Class 

Material 

Recyclability 
(Note 1) 

Code/Symbol 
(Note 1) 

Binding Type 

PQFP (All) 

High Temperature 

Polyethersulfone 

Yes 

07/PES 

Wire Tie or 
Nylon Strap 


Low Temperature 

Acrylonitrilebutadiene 

Styrene 

Yes 

07/ABS 

Wire Tie or 
Nylon Strap 

PGA, LDCC 
CERQUADs 
and LCC 

(48 leads- 125 leads) 

Low Temperature 
Only 

ABS/PVC 

Yes 

07/ABS-PVC 

Wire Tie 

PPGA 

Low Temperature 
Only 

Polyarylsulfone 

Yes 

07/PAS 

Wire Tie 


Tape and reel Is a multi-part Immediate container system. is made of polyester (PET) and polyethylene (PE) materials. 

The reel is made of either polystyrene (PS) material coated Refer to Table III for tape and reel material and recyclability 

with antistatic solution or chipboard. The embossed or cavi- Information, 
ty tape is made of either PVC or PS material. The cover tape 


TABLE ill. Tape and Reel Requirements 


Package 

Type 

Reel 

Cover Type 

Carrier Tape 

Recyclability 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

TO-92 

Chipboard 

Resy 

N/A 


Paper Tape 


Yes 

SOP-23 

Polystyrene 

Chipjoard 

06/PS 

Resy 

Polystyrene 

06/PS 

PVC 

03/PVC 

Yes 

SOP, SSOP 
and PLCC 

Polystyrene 

Polyethylene 

06/PS 

Polyester 

07/PET-PE 

PVC 

03/PVC 

Yes 


Note 1: 150 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1 972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 
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Packing Considerations 


Corrugated containers are generally constructed with fibre- 
board facings and a fluted corrugated, medium in between 
the facings. Chipboard containers are comprised of just one 


fibreboard facing. Facings and corrugated medium are kraft 
(brown) fibreboard, and generally single wall construction. 
Refer to Table IV for material and recyclability Information. 


TABLE IV. Fibreboard Container Requirements 



Pack Method 

Container Type 


Package 

Type 

Material 

Code/ 
Symbol 
(Note 1) 

Immediate (IMM) 
Intermediate (INT) 

Outer or Shipping (SHP) 

Recyclability 

TO-92/18, 

TO-46/5, 

TO-39, 220, 

TO-202/126, 

TO-237 

Corrugated 
(E070 BOX) 

Resy 

IMM 


Yes 

All Products 

Corrguated 

Resy 

INT and SHIP 


Yes 

All Products 

3-Ply Paper 
(Padpak) 

Resy 

Dunnage 


Yes 

All Products 

PLCC 

Plastic 

Bubble Sheet 

04/PE 

Dunnage 


Yes 


Note 1: ISO 1043-1 International Standards— Plastic Symbols. . 

SAE J1 344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


INTERMEDIATE CONTAINERS 

The second level of product packing Is the Intermediate 
container. Three types on intermediate containers are used 
by NSC. They are plastic bags, moisture barrier bags and 
corrugated cartons/boxes. 

Two types of plastic bags are used and usage of each type 
depends on the product or package being packed. Conduc- 
tive bags are made of polyvinylchloride plastic material. The 
electrical characteristics of the bag are altered by adding 


carbon fillers which make the bag black (opaque) in color. 
Conductive bags are used on products or packages that are 
packed in static dissipative (SD) rails/tubes. Static shielding 
bags are made of two layers of SD polyethylene sheets with 
a metallized film separating the sheets. Refer to Table V for 
material and recyclability Information. 

Moisture barrier bags are used on rail/tube, tape and reel, 
and tray packs for moisture sensitive products. NSC uses 
National Metallizing’s StratoguardTM 4.6. 
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TABLE V. Conductive and Static 
Shielding Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Mat’l 

and 

Symbol 
(Note 1) 

MatM 

Recyclability 

All Prod, in 

Rails 

Conductive 

Bag 

Polyethlene 

04/PE 

Yes 

TO-92/81, 

TO-46/5, 

TO-39/220, 

TO-202/126, 

TO-3/237 

Static 

Shielding 

Bag 

Polyethlene 
Alum. Laminant 

N/A 

No 


TABLE VI. Drypack Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Man 

and 

Symbol 
(Note 1) 

Man 

Recyclability 

TapePak 

PLCC 

(52-84L) 

PQFP 

Drypack 

Bag 

StratoguardTM 4.6 

N/A 

No 


Note 1: ISO 1043-1 International Standards — Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic 
Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and 
VGK for plastic packing materials 


Corrugated cartons/boxes are generally constructed with fi- 
breboard facings and a fluted corrugated medium in be- 
tween the facings. Facings and corrugated medium are kraft 
(brown) fibreboards, and are generally of single wall con- 
struction. Carton style varies with the product that it will con- 
tain. For example, packing of a rail/tube will require the use 
of a carton with a roll end from lock (REFL) design. Other 
products generally use the regular slotted container (RSC) 
box. Refer to Table IV for material and recyclability informa- 
tion. 

OUTER/SHIPPING CONTAINERS 

The third level of product packing is the outer/shipping con- 
tainer. The outer/shipping containers use by NSC are simi- 
lar to the corrugated containers used for immediate and in- 
termediate packaging, but are heavier in facing thickness. 
The style generally used is the regular slotted container 
(RSC) box and can be single, double or triple wall, depend- 
ing on the total weight of products being transported or 
shipped. Refer to Table IV for material and recyclability In- 
formation. 

OTHER PACKING MATERIALS 

Additional dunnage and void filler materials are required to 
fill voids within the intermediate and outer/shipping contain- 
ers. Two types of dunnage/filler material are Padpack and 
bubble pack. Padpak is a machine processed, 3-ply kraft 
paper sheet dunnage system. Refer to Table IV for material 
and recyclability information. 

Bubble pack is made of polyethylene plastic sheets with air 
pockets trapped in between the plastic layers and can be 
either static dissipative or conductive. Refer to Table IV for 
material and recyclability information. 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Ceramic Quad 

EL28A 

Tray 

96 



J-Bend (CQJB) 

EL44A 

Tray 

80 




EL44B 

Tray 

80 




EL44C 

Tray 

80 




EL52A 

Tray 

50 




EL68A 

Tray 

44 




EL68B 

Tray 

44 




EL68C 

Tray 

44 




EL84A 

Tray 

42 



Ceramic Quad 

EL28B 

Rail 

15 



Flatpack 

(CQFP) 

EL64A 

Box 

36 



EL100A 

Tray 

12 




EL116A 

Tray 

12 




EL132B 

Tray 

20 




EL132C 

Tray 

20 




EL132D 

Tray 

20 




EL164A 

Tray 

12 




EL172B 

Tray 

12 




EL172C 

Tray 

12 



Ceramic 

F10B 

Carrier/ Rail 

19 

Carrier/ Box 

200 

Flatpack 

F14C 

Carrier/ Rail 

19 

Carrier/ Box 

200 

— 

— F^16B 

_ Carrier/ RaiL 

19 „ 

Carrier/ Box 

200 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Ceramic Pin Grid 
Array (CPGA) 


Package 

Marketing 

Primary 

Immediate 

Container 

Drawing 

Method 

Quantity 

U44A 

Tray 

80 

U68B 

Tray 

42 

U68C 

Tray 

42 

U68D 

Tray 

42 

U68E 

Tray 

42 

U75A 

Tray 

35 

U84A 

Tray 

42 

U84B 

Tray 

42 

U84C 

Tray 

42 

U99A 

Tray 

25 

U100A 

Tray 

30 

U109A 

Tray 

25 

U120A 

Tray 

30 

U120C 

Tray 

30 

U124A 

Tray 

30 

U132A 

Tray 

30 

U132B 

Tray 

30 

U144A 

Tray 

20 

U156A 

Tray 

20 

U156B 

Tray 

20 

U169A 

Tray 

20 

-U173A 

Tray 

20 

U175A 

Tray 

20 

U180A 

Tray 

20 

U223A 

Tray 

20 

U224A 

Tray 

20 

U257A 

Tray 

12 

U259A 

Tray 

12 

U299A 

Tray 

12 

U301A 

Tray 

12 

U303A 

Tray 

' 

12 

U323A 

Tray 

12 


Secondary 

Immediate 

Container 


9-11 


Packing Considerations 



Packing Considerations 


Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Cerpack 

W10A 

Carrier/Rail 

19 

Carrier/ Box 

200 


W14B 

Carrier/Rail 

19 

Carrier/ Box 

200 


W14C 

Carrier/Rail 

19 

Carrier/ Box 

200 


W16A 

Carrier/Rail 

19 

Carrier/ Box 

200 


W20A 

Carrier/Rail 

19 

Carrier/ Box 

200 


W24C 

Carrier/Rail 

15 

Carrier/ Box 

80 


W28A 

Carrier/Rail 

15 

Carrier/ Box 

80 


WA28D 

Carrier/Rail 

15 

Carrier/ Box 

80 

Cerquad 

W24B 

Rail/Tube 

15 




W56B 

Tray 

20 




W64A 

Tray 

20 




W68A 

Tray 

12 




W84A 

Tray 

12 



Cerquad, EIAJ 

WA80A 

Tray 

84 




WA80AQ 

Tray 

84 




W120A 

Tray 

12 




W144A 

Tray 

12 




W144B 

Tray 

12 




W160A 

Tray 

12 




W208A 

Tray 

12 
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Immediate Packing Method for Metal Cans 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-5 

H06C 

Tray 

100 

Carrier/Rail 

18 


H08A 

Tray 

100 

Carrier/Rail 

18 


H08C 

Tray 

100 

Carrier/Rail 

18 


H10C 

Tray 

100 

Cerrier/Rail 

18 


H03C 

Box 

1800 

Tray 

100 

TO-39 

H03A 


100 

Carrier/Rail 

18 


H03B 


100 

Carrier/Rail 

18 


HA04E 


100 

Carrier/ Rail 

18 

TO-46 

H02A 


1800 

Tray 

100 


H03H • 

Box 

1800 

Tray 

100 


H04A 

Box 

1800 

Tray 

100 


H04D 

Box 

1800 

Tray 

100 

TO-52 

H03J 

mm 

1800 

Tray 

100 

TO-72 

H04C 

mm 

1800 

Tray 

100 
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Immediate Packing Method for Plastic Packages 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Small 

Outline 

Transistor 

(SOT-23) 

M03A 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 

500 

M03B 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 

500 

Small 

Outline 

Package, 

JEDEC 

(SOP) 

M08A 

Rail/Tube 

95 

Tape and Reel 

2500 

M14A 

Rail/Tube 

55 

Tape and Reel 

2500 

M14B 

Rail/Tube 

50 

Tape and Reel 

1000 

M16A 

Rail/Tube 

48 

Tape and Reel 

2500 

M16B 

Rail/Tube 

45 

Tape and Reel 

1000 

M20B 

Rail/Tube 

36 

Tape and Reel 

1000 

M24B 

Rail/Tube 

30 

Tape and Reel 

1000 

M28B 

Rail/Tube 

26 

Tape and Reel 

1000 

Small 

Outline 

Package, 

EIAJ 

(SOP) 

M14D 

Rail/Tube 

47 

Tape and Reel 

1000 

M16D 

Rail/Tube 

47 

Tape and Reel 

1000 

M20D 

Rail/Tube 

37 

Tape and Reel 

1000 

Shrink 

Small 

Outline 

Package, 

JEDEC 

(SSOP) 

MQA20 

Rail/Tube 

54 

Tape and Reel 

2500 

MQA24 

Rail/Tube 

54 

Tape and Reel 

2500 

MS48A 

Rail/Tube 

29 

Tape and Reel 

1000 

MS56A 

Rail/Tube 

25 

Tape and Reel 

1000 

Shrink 

Small 

Outline 

Package, 

EIAJ 

(SSOP) 

MSA20 

Rail/Tube 

65 

Tape and Reel 

1000 

MSA24 

Rail/Tube 

58 

Tape and Reel 

1000 

MS40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Very 

Small 

Outline 

Package 

(VSOP) 

M40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Thin 

Small 

Outline 

Package, 

EiAJ 

(TSOP) 

MBH32A 

Tray 

156 



Thin 

Shrink 

Small 

Outline 

Package, 

EiAJ 

(TSSOP) 

MTA20 

Tape and Reel 

2500 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Molded 

Dual-ln-Line 

Package 

(MDIP) 

NOSE 

Rail/Tube 

40 



N14A 

Rail/Tube 

25 



N16A 

Rail/Tube 

20 



N16E 

Rail/Tube 

25 



N16G 

Rail/Tube 

20 



N18A 

Rail/Tube 

20 



N20A 

Rail/Tube 

18 



N22A 

Rail/Tube 

15 



N22B 

Rail/Tube 

15 



N24A 

Rail/Tube 

15 



N24C 

Rail/Tube 

15 



N24D 

Rail/Tube 

15 



N24E 

Rail/Tube 

15 



N28B 

Rail/Tube 

13 



N40A 

Rail/Tube 

9 



N48A 

Rail/Tube 

7 



TO-202 

P03A 

Rail/Tube 

45 

Box 

300 

P03B 

Rail/Tube 

45 

Box 

300 

P03C 

Rail/Tube 

45 

Box 

300 

P03D 

Rail/Tube 

45 

Box 

300 

P03E 

Rail/Tube 

45 

Box 

300 

P03F 

Rail/Tube 

45 

Box 

300 


P03G 

Rail/Tube 

45 

Box 

300 

P03H 

Rail /Tube 

45 

Box 

300 

P03J 

Rail/Tube 

45 

Box 

300 

P04A 

Rail/Tube 

45 

Box 

300 

P11A 

Rail/Tube 

15 



TO-237 


Box 

1500 

Tape and Reel 

2000 


Box 

1500 

Tape and Reel 

2000 


Box 

1500 

Tape and Reel 

2000 

R03D 

Box 

1500 

Tape and Reel 

2000 

TO-226 

RC03A 

Box 

1500 

Tape and Reel 

2000 

RC03B 

Box 

1500 

Tape and Reel 

2000 

RC03C 

Box 

1500 

Tape and Reel 

2000 

RC03D 

Box 

1500 

Tape and Reel 

2000 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 


Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-220 

TA02A 

Rail/Tube 

45 

Box 

300 

T02D 

Rail/Tube 

45 

Box 

300 

TA03A 

Rail /Tube 

45 

Box 

300 

TA03B 

Rail /Tube 

45 

Box 

300 

TA03D 

Rail/Tube 

45 

Box 

300 

T03A 

Rail/Tube 

45 

Box 

300 

T03B 

Rail /Tube 

45 

Box 

300 

T03D 

Rail/Tube 

45 

Box 

300 

T03F 

Rail/Tube 

45 

Box 

300 

T05A 

Rail/Tube 

45 

Box 

300 

T05B 

Rail/Tube 

45 

Box 

300 

T05C 

Rail/Tube 

45 

Box 

300 

T05D 

Rail/Tube 

45 

Box 

300 

T05E 

Rail/Tube 

45 

Box 

300 

T05F 

Rail/Tube 

45 

Box 

300 

TA05A 

Rail/Tube 

45 

Box 

300 

TA05B 

Rail/Tube 

45 

Box 

300 

TA11A 

Rail/Tube 

20 

Box 

300 

TA11B 

Rail/Tube 

20 

Box 

300 

TAlIC 

Rail/Tube 

20 

Box 

300 

TA11D 

Raiil/Tube 

20 

Box 

300 

TA11E 

Rail/Tube 

20 

Box 

300 

TA12A 

Rail/Tube 

20 

Box 

300 

TA15A 

Rail/Tube 

20 

Box 

HQI 

TA23A 

Rail/Tube 

15 

Box 


TapePak® 

TP40A 

Coinstack 

Tube 

100 

Flat Rail 

m 

Plastic Pin 

Grid Array 
(PPGA) 

' 

UP124A 

Tray 

30 



UP159A 

Tray 

20 



UP175A 

Tray 

20 



Plastic 

Leaded Chip 

Carrier 

(PLCC) 

V20A 

Rail/Tube 

40 

Tape and Reel 

1000 

V28A 

Rail/Tube 

35 

Tape and Reel 

750 

V32A 

Rail/Tube 

30 



V44A 

Rail/Tube 

25 

Tape and Reel 

500 

V52A 

Rail/Tube 

22 


500 

V68A 

Rail/Tube 

18 

Tape and Reel 

250 

V84A 

Rail/Tube 

15 

Tape and Reel 

250 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

Package 

Marketing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

(uooej 

Drawing 

Method 

Quantity 

Method 

Quantity 

Plastic Quad 

VEF44A 

Tray 

96 



Flatpack 

(PQFP) 

VBG48A 

Tray 

60 




VHG80A 

Tray 

60 




VJE80A 

Tray 

84 




VCC80A 

Tray 

50/66 




VCE100A 

Tray 

84 




VLJ100A 

Tray 

50 




VJG100A 

Tray 

60 




VNG144A 

Tray 

60 




VUL160A 

Tray 

24 




VQL160A 

Tray 

24 




VUW208A 

Tray 

24 




VF132A 

Tray 

36 




VF196A 

Tray 

21 



TO-92 

Z03A 

Box 

1800 

Tape and Reel 

2000 


Z03B 

Box 

1800 

Tape and Reel 

2000 


Z03C 

Box 

1800 

Tape and Reel 

2000 


Z03D 

Box 

1800 

Tape and Reel 

2000 


Z03E 

Box 

1800 

Tape and Reel 

2000 


Z03G 

Box 

1800 

Tape and Reel 

2000 


Z03H 

Box 

1800 

Tape and Reel 

2000 


Z03J 

Box 

1800 

Tape and Reel 

2000 


Labeling 

National Semiconductor offers 3 standard bar code labels; 
reel and intermediate container labels for Tape and Reel; 
intermediate container label other than for Tape and Reel; 


and outer/shipping container labels. The tape and reel, and 
Intermediate container labels are National’s own format 
while the outer/shipping container label is based on the 
EIA-556-A label standard. 


NSC Standard Tape and Reel Label 

CP) CPN: CPN 123456789012 WZ COMPRNY 


PO «s PO 123456789012 


CQ) QTY: 1000 


CD) D/Cs P9236 


Dn74RLS253m 

SPEC1234 

LOT 12345678912 


This label is placed on the reel (immediate container) as 
well as on the intermediate box. 
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C3S) PKG II>: EIH14+EP1S345B 



CZ) SPECIAL: 


FROM: ^ N 5 C 

SANTA CLARAS CA 95051 
TO: XVZ COAAANV 

SHIP TO ADDRESS 1 
SHIP TO ADDRESS 2 


SHIP TO ADDRESS 3 
SHIP TO ADDRESS A 



SHIP TO ADDRESS 5 


PACKAGE COUNT 

0S OF 05 

PACKAGE WEIGHT 

1000 KG 2540 LB 




TL/P/1 1809-10 
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Board Mount of Surface Mount Components 


Abstract 

In facing the challenges of “Surface Mount Technology’’, 
many manufacturers of printed circuit boards have taken 
steps to convert some portions of their boards to this pro- 
cess. However, as the availability of all products as surface 
mount components is still limited, many have had to mix 
lead-inserted components with surface mount devices 
(SMD’s). Furthermore, to take advantage of using both 
sides of the board, some surface mounted components are 
adhered to the bottom side of the board while the top side is 
reserved for the conventional lead-insert packages and fine 
pitch surface mount packages. 

There are three surface mount processes in hi-volume use 
today: 

1 . WAVE SOLDER; the surface mounted components are 
adhered to the bottom side of the, board while the top 
side is reserved for the lead-inserted packages. The sur- 
face mount components are subjected to severe thermal 
stress when they are immersed into the molten solder. 

2. INFRA-RED mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board, the solder joints are formed when 
the board Is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment. 

3. VAPOR PHASE mass reflow; the surface mount compo- 
nents are^piaced^on the solder paste whic h ha s been 
applied to the board, tbe solder joints are formed wherT 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment, more severe than Infra-red but much less 
than wavesolder. 

A discussion of the effect of these processes on the reliabil- 
ity of plastic semiconductor packages follows. 

Role of Wave Soldering in 
Application of SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave soldering machine. 
The reasons being: 

Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology such 
as vapor phase soldering requires substantial investment in 
equipment and people. 


Due to the limited number of devices that are surface mount 
components, it Is necessary to mix both lead inserted com- 
ponents and surface mount components on the same 
board. 

Some components such as relays and switches are made of 
materials which would not be able to survive the tempera- 
ture exposure in a vapor phase or IR furnace. 

PW Board Assembly Procedures 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly, or a combination of two or more 
methods. 

The various processes that may be employed are: 

A) WAVE SOLDER BEFORE VAPOR/IR REFLOW 
SOLDER 

1 . Components on the same side of PW Board. Lead insert 
standard dIpS onto PW Board Wave solder (convention- 
al). Wash and lead trim. Dispense solder paste on SEM 
pads. Pick and place SMDs onto PW Board. Bake Vapor 
phase/IR reflow. Clean. 

2. Components on opposite side of PW Board. Lead insert 
standard DIPs onto PW Board Wave Solder (convention- 

— al)rClean and lead trim; Invert PW Board. Dispense drop — 
of adhesive on SMD sites (optional for smaller compo- 
nents). Pick and place SMDs onto board. Bake/Cure. 
Invert board to rest on raised fixture. Vapor/IR reflow 
soldering. Clean. 

B) VAPOR/IR REFLOW SOLDER THEN WAVE SOLDER 

1. Components on the same side of PW Board. Solder 
paste screened on SMD side of Printed Wire Board. Pick 
and place SMDs. Bake Vapor/IR reflow. Lead insert on 
same side as SMD’s. Wave solder. Clean and trim under- 
side of PCB. 

C) VAPOR/IR REFLOW ONLY 

1. Components on the same side of PW Board Trim and 
form standard DIPs in “gull wing’’ configuration. Solder 
paste screened on PW Board. Pick and place SMDs and 
DIPS. Bake Vapor/IR reflow. Clean. 

2. Components on opposite sides of PW Board. Solder 
paste screened on SMD-side of Printed Wire Board. Ad- 

, hesive dispensed at central location of each component. 
Pick and place SMDs. Bake. Solder paste screened on 
all pads on DIP-side or alternatively apply solder rings 
(performs) on leads. Lead insert DIPs. Vapor/IR reflow. 
Clean and lead trim. 



9-19 


Board Mount of Surface Mount Components 




Board Mount of Surface Mount Components 


PW Board Assembly Procedures 

(Continued) 

D) WAVE SOLDERING ONLY 

1 . Components on opposite sides of PW board. Adhesive 
dispense on SMD side of PW Board. Pick and place 
SMDs. Cure adhesive. Lead insert top side with DIPs. 
Wave solder with SMDs down and into solder bath. 
Clean and lead trim. 

All of the above assembly procedures can be divided into 
three categories for IC. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while In a “pallet” where 
automatic wave or DIP soldering processes are used. It Is, 
therefore, possible to subject SMDs to solder heat under 
certain conditions and not cause catastrophic failures. 

Thermal Characteristics of Moided 
integrated Circuits 

Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding Its glass transition temperature. Metals 
(as used on leadframes, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead- 
frame material should be such to match Its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal leadframe in a manner similar to that observed on 
bimetallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the epoxy-metal interface. However, If the 
package is subjected to temperature above its glass-tran- 
sition temperature, the epoxy will expand much faster than 
the metal and the probability of separation is greatly in- 
creased. 


Transition Temperature 



Conventional Wave Soldering 

Most wave soldering operations occur at temperatures be- 
tween 240“C-260'’C. Conventional epoxies for encapsula- 
tion have glass-transition temperatures between 140®C- 
170°C. An I.C. directly exposed to these temperatures risks 
its long term functionality due to epoxy/metal separation. 
Fortunately, there are factors that can reduce that element 
of risk; 

1 . The PW board has a certain amount of heat-sink effort 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120"C-150‘’C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
In the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead In DIP 
would experience the solder temperature because the 
epoxy and die are standing above the PW board and out 
of the solder bath. 

Effect on Package Performance by 
Epoxy-Metal Separation 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no Indication of this potential problem. In any case, the 
end result will, be corrosion of the chip metalization over 
time and premature failure of the device in the field. 
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Vapor Phase/IR Reiow Soldering 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Maxi- 
mum operating temperatures are 219°C (vapor phase) or 
240‘*C (IR) and duration may also be longer (30 sec-60 
sec). On the same theoretical basis, there should also be 
separation. However, in both these methods, solder paste is 
applied to the pads of the boards; no fluxes are used. Also, 
the devices are not immersed into the hot solder. This re- 
duces the possibility of solder forcing itself into the epoxy- 
leadframe interface. Furthermore, in the vapor phase sys- 
tem, the soldering environment is “oxygen-free” and con- 
sidered “contaminant free”. Being so, it could be visualized 
that as far as reliability with respect to corrosion, both of 
these methods are advantageous over wave soldering. 

Bias Moisture Test 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a steam chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to faiL 
This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
85% relative humidity. One cycle of approximately 100 
hours has been shown to be equivalent to 2,000 hours in 
the 85/85 condition. Should the packages start to fail within 
the first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85”C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2,000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured an^ the Workmanship or reliability standardsvGeneral- 
ly In systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

Test Results 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 


TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 217°C) 

= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 
Package: SO-14 lead 
Test: Bias moisture test 85% R.H. 

85°C for 2,000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4,000 hours 85/85 test. 
Results were compared for packages by themselves 
against packages which were surface-mounted onto a FR-4 
printed wire board. 


TABLE V. Summary of Wave Solder Results 



Unmounted 

Mounted 

Control/Vapor Phase 
15sec@215°C 

0/114 

0/84 

Solder Dip 

4 Sec @ 260°C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 Sec @ 260°C 

— 

0/83 

Solder Dip 

6 Sec @ 260°C 

13/248 (5.2%) 

1/76(1.3%) 

Solder Dip 
10Sec@260°C 

-14/127(11.0%) 

3/79(3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the packages 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In any case, because of the repeat- 
ed treatment, the package had failures when subjected in 
excess of 6 seconds immersion in hot solder. The safety 
margin is therefore recommended as maximum 4 seconds 
immersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 
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Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6,000 hours in an 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturing Integrated Circuits 
Reiiabiiity in Various Soider Environments 
(# Faiiure/Total Environment) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 

Solder 

4 sec 

Wave 

Solder 

6 sec 

Wave 

Solder 

10 sec 

Manuf A 

8/30* 

1/30* 

0/30 

12/30* 

16/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

20/30* 

Manuf C 

0/30 

0/29 

0/29 

0/30 

0/30 

Manuf D 

1/30* 

12/30* 

14/30* 

2/30* 


Manuf E 

1/30** 

0/30 

0/30 

0/30 


Manuf F 

0/30 

0/30 

0/30 

0/30 


NSC 

0/30 

0/30 

0/30 

0/30 



*Corrosidn failures 

**No Visual Defects-Non-corrosion failues 
Test Accelerated Bias Moisture Test: 85% P.M./SS^C. 6,000 equivalent 
hours 


Summary 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed In hot solder wave during printed circuit 
board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion In the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of the package in the solder wave to a maximum of 4 
seconds in order to truly duplicate the reliability of a DIP. As 
the package size is reduced, as in a SO-8 lead, the require- 
ment becomes even more critical. This is shown by the vari- 
ous manufacturers’ performance. Results indicate there is 
room for Improvement since not all survived the hot solder 
Immersion without compromise to lower reliability. 
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National Semiconductor 

Recommended Soldering Profiles — Surface Mount 



Wave 

Solder 

IR 

Profile 

Vapor 

Phase 

Ramp Up “C/sec 

Maximum 

e^^C/sec 

4“C/sec 

24“C/sec 


Recommended 

4“C/soc* 

2''C/sec* 

2°C/sec 


Minimum 

** 

** 

** 

AT 

Maximum 

135"C 

N/A 

N/A 


Recommended 

120X 

N/A 

N/A 


Minimum 

110”C 

N/A 

N/A 

Dwell Time ^ 1 83°C 

Maximum 

N/A 

85 seconds 

85 seconds 


Recommended 

N/A 

75 seconds* 

75 seconds* 


Minimum 

N/A 

30 seconds** 

«« 

Solder Temperature 

Maximum 

260*’C 

240OC*** 

219°C 


Recommended 

240X 

215X* 

215°C* 


Minimum 

** 

** 

♦ ♦ 

Dwell Time @ Max. 

Maximum 

4 seconds 

10 seconds 

75 


Recommended 

3 seconds 

5 seconds 

70 seconds 


Minimum 

** 

1 second 

** 

Ramp Down ®C/sec 

Maximum 

No Information 

4°C/sec 

4“C/sec 


Recommended 

4X/sec 

2°C/sec 

2°C/sec 


Minimum 

No Information 

** 

- 

Note: Temperature in degrees celcius. N/A = Not Applicable. 

AT = The temperature differential between the final preheat stage and the soldering stage. Temperature measured at the component lead area. 

*Will vary depending on board density, geometry, and package type. 

**Will vary depending on package types, and board density. 

***For plastic packages; ceramic packages maximum may be 250‘’C. 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 


National Semiconductor 
Application Note 450 
Josip Huljev 
W. K. Boey 



The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

[{HHHHHHHHHHHh 

I 1 

I I 

I I 

HI -^TYPICALLY 0.050" LEADSPACING 

TL/F/8766-1 


Standard DIP Package 



Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A \s a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 



TEST TIME (HRS) 

TL/F/8766-3 

FIGURE A 


In order to achieve reliability performance comparable to 
DIPS — SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85% RA, 85“C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 


Basic Surface-Mount Production Flow 



9-24 






Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 



TL/F/8766-5 


Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 

TL/F/8766-6 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 1 60°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 

temperature^(Tg) of epoxy (typically ^ 60-i 65-G)Hhe ther 

mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260“C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 

TL/F/8766-7 

FIGURE D 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this Is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection Is based on individual 
needs and degree of sophistication. 


The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation In 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule Is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

o Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

® The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

o Hot air reflow 
o Infrared heating (furnaces) 

® Convectional oven heating 
® Vapor-phase reflow soldering 
o Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 1 00“C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 


INFRARED REFLOW SOLDERING 


Use of an infrared furnace is currently^ the most populaT 
method to automate mass reflow, the heating is promoted 
by use of IR lamps or panels. Early objections to this meth- 
od were that certain materials may heat up at different rates 
under IR radiation and could result in damage to those com- 
ponents (usually sockets and connectors). This has been 
minimized by using far-infrared (non-focused) systems and 
convected air. 

Infrared Profile 


RECOMMENDED 
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VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

® FC-70, 215“C vapor (most applications) or FX-38 
® FC-71, 253“C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

® Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

® In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 1 5-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


Vapor-Phase Profile 

RECOMMENDED 



R ( j] 20 DEG C/sec ) 


TL/F/8766-28 

In- Line Conveyor ized Vapo r-Phase Soldering 


CONDENSATION 
COILS \ 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215“C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 
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Vapor-Phase Furnace 


Batch-Fed Production Vapor-Phase Soldering Unit 
SECONDARY 
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Solder Joints on a SO-14 Package on PCB Solder Joints on a SO-14 Package on PCB 



PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

® Mounting pads should be solder-plated whenever 
applicable. 

« Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace Interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 

the application of solder paste. 

The typical lithographic "footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 


common and well-tried method. The paste Is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

•Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed Vs" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see following photographs). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 

• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 
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RECOMMENDED SOLDER PADS FOR SO PACKAGES 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. CFG solvents are being phased out as they are 
hazardous to the environment. Other approaches to 
cleaning are commercially available and should be investi- 
gated on an individual basis considering local and govern- 
ment environmental rules. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray /jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an Inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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lead tips or. If necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste Is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00®C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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Mixed Surface Mount and Lead Insertion 







(a) Same Side (b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the fin al sold erin g step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 


Dual Wave 
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CONFORMAL COATING 

Conformal coating is recommended for high-reliability RGBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 
Requirements: 

o Complete coating over components and solder joints, 
o Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

o Compatibility and possess excellent adhesion with PCB 
material/components. 

o Silicones are recommended where permissible In 
application. 
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SMD Lab Support 

FUNCTIONS 

Demonstration — Introduce first-time users to surface- 
mounting processes. 

Service — Investigate problems experienced by users on 
surface mounting. 

Reliability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques — Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment— -In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Land Pattern Recommendations 


The following land pattern recommendations are provided as guidelines for board layout and assembly purposes. 

These recommendations cover the following National Semiconductor packages: PLCC, PQFP, SOP, SSOP and TSOP. 

For SOT-23 (5-Lead) and TO-263 (3- or 5-Lead) packages, refer to land patterns shown in the Physical Dimensions for MA05A 
and TS3B or TS5B packages, respectively. 


Plastic Leaded Chip Carriers (PLCC) 
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JEDEC Small Outline and Shrink Small Outline Packages (SOP and SSOP) 

jl- 





DDDDDDDD 


C BA 


X 


00DDDDDD 


p U 


D 

Lead 

Count 

No. 

C 

L 

W 

P 

A 

B 

X 

Body 

Shoulder 

Lead Tip 

Lead 

Lead/Pad 

Inner Pad 

Outer Pad 

Pad 

Size 

to Shoulder 

to Tip 

Width 

Pitch 

to Pad Edge 

to Pad Edge 

Width 

(in) 

(in) 

(in) 

(in) 

(in) 

(In) 

(in) 


SOP 

0.150 

8 

0.144 



0.050 

0.094 

0.294 

0.028 

0.150 

14 

0.144 


0.020 

0.050 

0.094 

0.294 

0.028 

0.150 

16 

0.144 

0.244 


0.050 

0.094 

0.294 

0.028 

0.300 

14 

0.3300 

0.4100 

0.0190 



0.4600 

IIQ^QII 

0.300 

16 

0.3300 

0.4100 



0.2800 

0.4600 

0.0270 

0.300 

20 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 


0.300 

24 


nmonoQiif 


0.0500 

0.2800 

0.4600 

0.0270 

0.300 

28 





0.2800 

0.4600 

IQ^QII 

SSOP 

0.150 

20 




0.025 

0.145 

0.281 

0.014 

0.150 

24 


0.241 

0.010 

0.025 

0.145 

0:281 

07014 

0.300 

48 


0.420 

0.012 

0.025 

0.300 

0.460 

0.016 

0.300 

56 

0.340 


0.012 

0.025 

0.300 

0.460 

0.016 
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N a tional 


Semiconductor 


Appendix A 

General Product Marking & Code Explanation 


LF 356 


N 



Reliability Program (Optional) 
(Refer to Appendix C) 


Package Type (See Right) 


Device Number (Generic Type) 
and Suffix Letter (Optional) 

A or B; Improved 
Electrical 
Specification 
C, I, E or M: Temperature 
Range 


Device Family (See Below) 


Device Family 


ADC 

AF 

AH 

DAC 

DM 

HS 

LF 

LH 

LM 

Data Conversion 

Active Filter 

Analog Switch (Hybrid) 

Data Conversion 

Digital (Monolithic) 

Hybrid 

Linear (BI-FETtm) 

Linear (Hybrid) 

Linear (Monolithic) 

UVIC 

Linear CMOS 

LMD 

Linear DMOS 

LP 

Linear (Low Power) , 

LPC 

Linear CMOS (Low Power) 

MF 

Linear (Monolithic Filter) 

LMF 

Linear Monolithic Filter 


Package Type 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/Metal Flat Pak x y/) 

G 

12 Lead TO-8 Metal Can (M/C) 

H 

Multi-Lead Metal Can (M/C) 

H-05 

4 Lead M/C (TO-5) j Shipped with 

H-46 

4 Lead M/C (TO-46) i Thermal Shield 

J 

Lo-Temp Ceramic DIP 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

1 4 Lead Ceramic DIP (-1 4 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

M3 

3-Lead Small Outline Package 

M5 

5-Lead Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

1 4 Lead Molded DIP (Epoxy B) 

(-1 4 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 Power Pkg 

Q 

Cerdip with UV Window 

S 

3,5,1 1 , & 1 5 Lead TO-263 Surf. Mt. Power Pkg 

T 

3,5,1 1 ,1 5 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 
NON-MILITARY 

2ND DIGIT -CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 

MILITARY- 883 &M385 10 

1ST & 2ND DIGITS -CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 



DATE CODE 

1ST DIGIT - CALENDAR YEAR 
2ND DIGIT - 6-WEEK PERIOD 


IN CALENDAR YEAR 
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Device/ Application Literature Cross-Reference 


National Semiconductor 

Appendix B 

Device/ Application Literature Cross-Ref erence 

Device Number 

ADCXXXX 


Application Literature 

AN-156 

ADC80 : 


AN-360 

ADC0801 

AN-233, AN-271, AN-274, AN-280, AN-281, AN-294, LB-53 

ADC0802 


. . . .AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0803 


. . . .AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC08031 


AN-460 

ADC0804 

AN-233, AN-274, AN-276, AN-280, AN-281, AN-301, AN-460, LB-53 

ADC0805 


. . . .AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0808 


AN-247, AN-280, AN-281 

ADC0809 


AN-247, AN-280 

ADC0816 


AN-193, AN-247, AN-258, AN-280 

ADC0817 


AN-247, AN-258, AN-280 

ADC0820 


AN-237 

ADC0831 


AN-280, AN-281 

ADC0832 


AN-280, AN-281 

ADC0833 


AN-280, AN-281 

ADC0834 


AN-280, AN-281 

ADC0838 


AN-280, AN-281 

ADC1001 


AN-276, AN-280, AN-281 

ADC1005 


AN-280 

ADC10461 


AN-769 

ADC10462 


.: AN-769 

ADC10464 


AN-769 

ADC10662 


AN-769 

ADC10664 


AN-769 

ADC12030 


AN-929 

ADC12032 


AN-929 

ADC12034 


AN-929 

ADC12038 


AN-929 

ADC12H030 


AN-929 

ADC12H032 


AN-929 

ADC12H034 


AN-929 

ADC12H038 


AN-929 

ADC12L030 


AN-929 

ADC12L032 


AN-929 

ADC12L034 


AN-929 

ADC12L038 


AN-929 

ADC1210 


AN-245 

ADC12441 


AN-769 

ADC12451 


AN-769 

DACXXXX 


AN-156 

DAC0800 


AN-693 

DAC0830 


AN-284 
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Device/ Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

DAC0831 AN-271, AN-284 

DAC0832 AN-271, AN-284 

DAC1006 AN-271, AN-275, AN-277, AN-284 

DAC1007 AN-271, AN-275, AN-277, AN-284 

DAC1008 AN-271, AN-275, AN-277, AN-284 

DAC1020 AN-263, AN-269, AN-2293, AN-294, AN-299 

DAC1021 AN-269 

DAC1022 AN-269 

DAC1208 AN-271, AN-284 

DAC1209 AN-271, AN-284 

DAC1210 AN-271, AN-284 

DAC1218 AN-293 

DAC1219 AN-693 

DAC1220 AN-253, AN-269 

DAC1221 AN-269 

DAC1222 AN-269 

DAC1230 AN-284 

DAC1231 AN-271, AN-284 

DAC1232 AN-271, AN-284 

DAC1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262. AN-263, AN-265, AN-266, AN-301 , AN-344, AN-447, LB-44 

LF351— ; . . . . . . . AN-242, AN-263, AN-266, AN-274^AN.275,j^N=293, AN-447, AppendixJl 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-262, AN-263, AN-266. AN-271 . AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263. AN-266, AN-271, AN-272, 

AN-275, AN-293, AN-294. AN-295, AN-301, AN-447, AN-693 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258. AN-266. AN-294, AN-298, LB-45 

LF41 1 AN-294, AN-301 , AN-344, AN-447 

LF412 AN-272. AN-299, AN-301 , AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LH0002 AN-13, AN-227, AN-263. AN-272, AN-301 

LH0024 AN-253 

LH0032 AN-242, AN-253 

LH0033 AN-48, AN-227, AN-253 

LH0063 AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0094 AN-301 

LH0101 AN-261 
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Device/Application Literature Cross-pReference 


Device/Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

LH1605 AN-343 

LH2424 AN-867 

LM10 AN-21 1, AN-247, AN-258, AN-271 , AN-288, AN-299, AN-300, AN-460, AN-693 

LM11 AN-241, AN-242, AN-260, AN-266, AN-271 

LM12 AN-446, AN-693, AN-706 

LM101 AN-4, AN-13, AN-20, AN-24, LB-42, Appendix A 

LM101A AN-29, AN-30, AN-31, AN-79, AN-241 AN-711, LB-1, LB-2, LB-4, LB-8, LB-14, LB-16, LB-19, LB-28 

LM102 AN-4, AN-13, AN-30, LB-1, LB-5, LB-6, LB-11 

LM103 AN-1 10, LB-41 

LM105 AN-23, AN-1 10, LB-3 

LM106 AN-41, LB-6, LB-12 

LM107 AN-20, AN-31, LB-1, LB-12, LB-19, Appendix A 

LM108 AN-29, AN-30, AN-31, AN-79, AN-211, AN-241, LB-14, LB-15, LB-21 

LM1 08A AN-260, LB-1 5, LB-1 9 

LM109 AN-42, LB-15 

LM109A ;..LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 ; LB-19 

LM113 AN-56, AN-110, LB-21, LB-24, LB-28, LB-37 

LM117 AN-1 78, AN-181, AN-182, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM118 LB-17, LB-19, LB-21, LB-23, Appendix A 

LM119 LB-23 

LM120. AN-182 

LM121 AN-79, AN-104, AN-184, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125... AN-82 

LM126 AN-82 

LM1 29 AN-1 73, AN-1 78, AN-262, AN-266 

LM131 AN-210, AN-460, Appendix D 

LM131A AN-210 

LM134 . . .^ LB-41, AN-460 

LM135 . : AN-225, AN-262, AN-292, AN-298, AN-460 

LM137 LB-46 

LM137HV LB-46 

LM138 ....!.- LB-46 

LM139 AN-74 

LM143 AN-127, AN-271 

LM148 AN-260 

LM150 LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 AN-110 

LM199 AN-161, AN-260 

LM199A AN-161 

LM211 LB-39 
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Device/Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM231 AN-210 

LM231A AN-210 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM34 AN-460 

LM35 AN-460 

LM301 A : AN-1 78, AN-1 81 , AN-222 

LM308 AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-1 78, AN-1 82 

LM311 AN-41, AN-103, AN-260, AN-263, AN-288, AN-294, AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM318 AN-299, LB-21 

LM319 AN-828, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301 , LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-21 0. AN-240, AN-265, AN-278, AN-285, AN-31 1 , LB-45, Appendix C, Appendix D 

LM331A AN-210, Appendix C 

LM334 ...! AN-242, AN-256, AN-284 

LM335 .T77”TTT.T.T7T7.7/.AN-^Ar^^ 

LM336 AN-202, AN-247, AN-258 

LM337 LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-1 03, AN-1 82 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 1 6, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM385 AN-242, AN-256, AN-301 , AN-344, AN-460, AN-693, AN-777 

LM386 ... ■ , LB-54 

LM391 AN-272 

LM392 AN-274, AN-286 
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Device/ Application Literature Cross-Reference 


Device/ Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM393 AN-271 , AN-274, AN-293, AN-694 

LM394 : AN-262, AN-263, AN-271, AN-293, AN-299, AN-311, LB-52 

LM395 AN-178, AN-181, AN-262, AN-263, AN-266, AN-301, AN-460, LB-28 

LM399 AN-184 

LM555 AN-694iAB-7 

LM556 AB-7 

LM565 : AN-46, AN-146 

LM566.... AN-146 

LM604... AN-460 

LM628 : AN-693, AN-706 

LM629 AN-693, AN-694, AN-706 

LM709 AN-24, AN-30 

LM710 : AN-41, LB-12 

LM725 : LB-22 

LM741 : . .AN-79, LB-19, LB-22 

LM833 AN-346 

LM1036 AN-390 

LMI202: AN-867 

LM1203 : AN-861 

LM1204 AN-934 

LM1458 AN-116 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1558.... AN-116 

LM1578A AB-30 

LM1823 ^ AN-391 

LM1830..... AB-10 

LM1865... AN-390 

LM1886... : ’ AN-402 

Ll\/I1889 AN-402 

LM1 894 AN-384, AN-386, AN-390 

LM2419 : : AN-861 

LM2577 ; AN-776, AN-777 

LM2876 :....: AN-898 

LM2889 .AN-391 , AN-402 

LM2907 AN-162 

LM2917... AN-162 

LM2931 AB-12 

LM2931CT AB-11 

LM3045.... AN-286 

LM3046 AN-1 46, AN-299 

LM3089 :.... : AN-147 

LM3524 .......; AN-272, AN-288, AN-292, AN-293 

LM3525A AN-694 

LM3578A AB-30 

LM3875 AN-898 

LM3876 AN-898 

LM3886..., AN-898 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3914 ; AN-460, LB-48, AB-25 

LM3915 AN-386 

LM3999..^ AN-161 
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Device/Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM4250 AN-88, LB-34 

LM6181 AN-813, AN-840 

LM7800 AN-178 

LM12454 AN-906, AN-947, AN-949 

LM12458 AN-906, AN-947, AN-949 

LM12H454 AN-906, AN-947, AN-949 

LM12H458 AN-906, AN-947, AN-949 

LM12L458 AN-906, AN-947, AN-949 

LM18293 AN-706 

LM78L12 AN-146 

LM78S40 AN-711 

LMC555 AN-460, AN-828 

LMC660 AN-856 

LMC835 AN-435 

LMC6044 AN-856 

LMC6062 AN-856 

LMC6082 AN-856 

LMC6484 AN-856 

LMD18200 AN-694, AN-828 

LMF40 AN-779 

LMF60 AN-779 

LMF90 AN-779 

LMF100 AN-779 

LMF380 AN-779 

LMF390 AN-779 

LP324 AN-284 

LP395 AN-460 

LPC660 AN-856 

MF 4 . AN-779 

MF5 AN-779 

MF6 AN-779 

MF8 AN-779 

MF10 AN-307, AN-779 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 , AN-193 

MM74HC86 AN-861 , AN-867 

MM74LS138 LB-54 

MM53200 AN-290 

2N4339 AN-32 


Device/ Application Literature Cross-Reference 
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National Semiconductor 


Appendix D 

Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of 
military products available from National Semiconduc- 
tor. The process flows and catagories shown below are 
for general reference only. For further information and 
availability, please contact the Customer Response 
Center at 1-800-272-9959, Military/ Aerospace Marketing 
group or your local sales office. 

National Semiconductor’s Military/ Aerospace Program is 
founded on dedication to excellence. National offers com- 
plete support across the broadest range of products with 
the widest selection of qualification levels and screening 
flows. These flows include: 


Process Flows 
(integrated Circuits) 

Description 

JANS 

QML products processed to 
MIL-l-38535 Level S or V for Space 
level applications. 

JANB 

QML products processed to 
MIL-l-38535 Level B or Q for 

Military applications. 

SMD 

QML products processed to a 
Standard Microcircuit Drawing with 
Table 1 Electricals controlled by 
DESC. 

883 

QML products processed to 
MIL-STD-883 Level B for Military 
applications. 

MLP 

Products processed on the 
Monitored Line (Program) 
developed by the Air Force for 

Space level applications. 

-MIL 

Similar to MIL-STD-883 with 
exceptions noted on the Certificate 
of Conformance. 

MSP 

Military Screening Products for 
initial release of advanced 
products. 

MCP 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C, plus 
minimum and maximum operating 
temperature to commercial limits. 

MCR 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25®C to 
commercial limits 

MRP 

Military Ruggedized Plastic - 
products processed to avionics 
requirements. 

MRR 

Commercial Ruggedized plastic 
product processed in a commercial 
assembly with electrical testing at 
25‘’C. 

MPC 

Commercial plastic products 
processed in a commercial 
assembly with electrical testing at 
25"C. 
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■ QML: The purpose of the QML program, which is ad- 
ministered by the Defense Electronics Supply Center 
(DESC), is to provide the military community with stan- 
dardized products that have been manufactured and 
screened to the highest quality and reliability standards 
in facilities that have been certified by the government. 
To achieve QML status, manufacturers must submit 
their facilities, quality procedures and design philoso- 
phies to a thorough audit aimed at confirming their abili- 
ty to produce product to the highest design and quality 
standards. They must be listed on DESC’s Qualified 
Manufacturer List (QML) before devices can be marked 
and shipped as QML product. 

Two processing levels are specified within MIL-l-38535, 
the QML standard: Class S (typically specified for 
space and strategic applications) and Class B (used for 
tactical missile, airborne, naval and ground systems). 
The requirements for both classes are defined within 
MIL-STD-883. National is one of the industry’s leading 
suppliers of both classes. 

■ Standard Microcircuit Drawings (SMD). SMDs are is- 
sued to provide standardized versions of devices of- 
fered under QML. MIL-STD-883 screening is coupled 
with tightly controlled electrical test specifications that 
allow a manufacturer to use his standard electrical 
tests. Table I explains the marking of JAN devices, and 
Table II outlines current marking requirements for QML/ 
SMD devices. Copies of MIL-l-38535 and the QML can 
be obtained from the Naval Publications and Forms 
Center (5801 Tabor Avenue, Philadelphia, PA 19120, 
212/697-2179. A current listing of National’s SMD of- 
ferings can be obtained from our authorized distribu- 
tors, our sales offices, our Customer Response Center 
(Arlington, Texas, 817/468-6300), or from DESC. 

■ MIL-STD-883. Originally intended to establish uniform 
test methods and procedures, MIL-STD-883 has also 
become the general specification for non-SMD military 
product. MIL-STD-883 defines the minimum require- 
ments for a device to be marked and advertised as 
883-compliant^Design and construction criteria, docu- 
mentation controls, electrical and mechanical screening 
requirements, and quality control procedures are out- 
lined in paragraph 1.1.2 of MIL-STD-883. 


National offers both 883 Class B and 883 Class S prod- 
uct. The screening requirements for both classes of prod- 
uct are outlined in Table III. 

As with SMDs a manufacturer is allowed to use his stan- 
dard electrical tests provided that all critical parameters 
are tested. Also, the electrical test parameters, test con- 
ditions, test limits and test temperatures must be clearly 
documented. At National Semiconductor, this information 
is available via our Table I (formerly RETS, Reliability 
Electrical Test Specification Program). The Table I docu- 
ment Is a complete description of the electrical tests per- 
formed and is controlled by our QA department. Individual 
copies are available upon request. 

Some of National’s products are produced on a flow simi- 
lar to MIL-STD-883. These devices are screened to the 
same stringent requirements as 883 product, but are 
marked as -MIL; specific reasons for prevention of com- 
pliancy are clearly defined in the Certificate of Conform- 
ance (C of C) shipped with the product. 

■ Monitored Line Program (MLP): is a non JAN Level S 
program developed by the Air Force. Monitored Line 
product usually provides the shortest cycle time, and is 
acceptable for application in several space level pro- 
grams. Lockheed Missiles and Space Company in Sun- 
nyvale, California, under an Air Force contract, provides 
“on-site” monitoring of product processing, and as ap- 
propriate, program management. Monitored Line orders 
generally do not allow “customizing”, and most flows 
do not include quality conformance inspection. Drawing 
control is maintained by the Lockheed Company. 

■ Military Screening Program (MSP): National’s Military 
Screening Program was developed to make screened 
versions of advanced products such as gate arrays and 
microprocessors available more quickly. Through this 
program, screened product is made available for proto- 
types and breadboards prior to or during the QML activ- 
ities. MSP products receive the 100% screening of Ta- 
ble III, but are not subjected to Group C and D quality 
conformance testing. Other criteria such as electrical 
testing^rid temperature range^ will^Vary depending upon 
individual device status and capability. 
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TABLE I. JAN S or B Part Marking 

J M38510 /XXXXXYYY 

^ Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S or B 

-Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M,D, R, or H of 
MIL-l-38535) 

MIL-M-38510 

JAN Prefix 

TL/XX/ 0030-1 


TABLE l-A. JAN Package Codes 


JAN 

Package 

Designation 

Microcircuit Industry Description 

A 

14-pin 1 / 4 " X 1 / 4 " (Metal) Flatpak 

B 

14-pin Vie" X y/ (Metal) Flatpak 

C 

14-pin y4" X3/4" Dual-ln-Line 

D 

1 4-pin 1 / 4 " X (Ceramic) Flatpak 

E 

16-pin Va" xVa" Dual-ln-Line 

F 

1 6-pin Va" X (Metal or Ceramic) Flatpak 

G 

8 -pin TO-99 Can or Header 

H 

10-pin y4" X (Metal) Flatpak 

i 

1 0-pin TO-1 00 Can or Header 

J 

24-pin Yz X 1 yA" Dual-ln-Line 

K 

24-pin 3 / 3 " X Flatpak 

L 

24-pin 1 / 4 " X 1%" Dual-ln-Line 

M 

1 2-pin TO-1 01 Can or Header 

N 

(Note 1 ) 

P 

8-pin yt" X 3/0" Dual-ln-Line 

Q 

40-pin 3/16" X 21 / 16 " Dual-ln-Line 

R 

20-pin %" X 1 1 / 16 " Dual-ln-Line 

S 

20-pin 1 / 4 " X 1 / 2 " Flatpak 

T 

(Notel) 

U 

(Notel) 

V 

18 -pin 3/0" x 15 /i 6 " Dual-ln-Line 

w 

22-pin 3/g" X 1 %" Dual-ln-Line 

X 

(Notel) 

Y 

(Note 1) 

z 

(Notel) 

2 

20-terminal 0.350" x 0.350" Chip Carrier 

3 

28-terminal 0.450" x 0.450" Chip Carrier 


Note 1; These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE II. Standard Military Drawing 
(SMD) Marking 


TABLE ll-A. SMD Package Codes 


5962-9319502MXA 



■ Lead Finish 
(Solder) 

■ Package Codes 
(see Table HA) 

■ Class Designator 
U = MIL-STD-883 
B or Q = Class B 
S or V = Class C 

Device Number 
Drawing Number — ' 

Year of Issue 

The "/" and can 
be replaced by RHA 
designations 
D = 10 krad 
R = 100 krad 

Federal Stock Class 

TL/XX/0030-2 


SMD 

Package 

Designation 

Microcircuit Industry Description 

C 

14-pin Flatpak 

D 

14-pin C DIP 

E 

16-pin C DIP 

F 

16-pin Flatpak 

G 

8-pin TO-99 Can 

H 

10-pin (Metal) Flatpak 

1 

1 0-pin TO-1 00 Can 

X 

(Note 2) 

Y 

(Note 2) 

P 

8-pin C DIP 

2 

20-pin LCC 

R 

20-Pin DIP 


Note 2: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 


TABLE III. 100% Screening Requirements 



Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

1. 

Wafer Lot Acceptance 

5007 

All Lots 



2. 

Nondestructive Bond Pull (Note 14) 

2023 

100% 



3. 

Internal Visual (Note 1) 

2020, Condition A 

100% 

2010, Condition B 

100% 

4. 

Stabilization Bake (Note 1 6) 

1 008, Condition C, Min 

24 Mrs. Min 

100% 

1008, Condition C, Min 
24 Mrs. Min 

100% 

5. 

Temperature Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

, 100% 

6. 

Constant Acceleration 

2001 , Condition E Min 

100% 

2001, Condition E Min 

100% 


Y-i Orientation Only 


Yi Orientation Only 


7. 

Visual Inspection (Note 3) 


100% 


100% 

8. 

Particle Impact Noise Detection (PIND) 

2010, Condition A (Note 4) 

100% 



9. 

Serialization 

(Note 5) 

100% 



10 . 

Interim (Pre-Burn-In) Electrical Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification (Note 6) 


11. 

Burn-In Test 

1015 

240 Mrs. @125'’C Min 
(Cond. F Not Allowed) 

100% 

1015 

160 Mrs. @ 125“C Min 

100% 

12. 

Interim (Post Burn-In) 

Electrical Parameters 

Per Applicable Device 
Specification (Note 3) 

100% 
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Appendix D— Military Aerospace Programs from National Semiconductor 


TABLE ill. 100% Screening Requirements (Continued) 


Screen 

Class S 

Class B 


Method 

Reqmt 

Method 

Reqmt 

13. 

Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs.@150“C Min 
(Cond. F Not Allowed) 

100% 



14. 

Interim (Post-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification 

100% 

15. 

PDA Calculation 

5% Parametric (Note 14), 
3% Functional 

All Lots 

5% Parametric (Note 14) 

All Lots 

16. 

Final Electrical Test (Note 1 5) 

a) Static Tests 

1) 25‘’C (Subgroup 1, Table 1, 5005) 

2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) ' 

b) Dynamic Tests or Functional Tests 

1 ) 25"C (Subgroup 4 or 7) 

2) Max and Min Rated Operating Temp. 
(Subgroups 5 and 6 or 8, Table 1, 

5005) 

c) Switching Tests 25“C 

(Subgroup 9, Table 1, 5005) 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

Per Applicable Device 
Specification 


17. 

Seal Fine, Gross 

1014 

100% 
(Note 8) 

1014 


18. 

Radiographic (Note 10) 

2012 Two Views 

100% 



i 


(Note 11) 

Samp. 

(Note 11) 

Samp. 


External Visual (Note 12) 

2009 

100% 


100% 

Note 1: Unless othen/vise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock Method 1011, Test Condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The FIND test may be performed in any sequence after step 6 and prior to step 16. See Mi L-l-38585 paragraph 40.6.3. . 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g., flatpaks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each inspection 
lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 9. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and record is required at steps 10 and 12 only for those parameters for which post-burn-in delta measurements are specified. All parameters shall 
be read and recorded at step 14. 

Note 14: The PDA shall apply to all subgroup 1 parameters at 25'C and ail delta parameters. 

Note 15: Only one view is required for flat packages and leadless chip carriers with leads on all four sides. 

Note 16: May be performed at any time prior to step 10. 
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Military Analog Products Available from National Semiconductor 


Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

HIGH PERFORMANCE AMPLIFIERS AND BUFFERS 

LF147 

D, J 

Wide BW Quad JFET Op Amp 

SMD/JAN 

/1 1906 

LF155A 

H 

JFET Input Op Amp 

883 

— 

LF156 

H 

JFET Input Op Amp 

883 

— 

LF156A 

H 

JFET Input Op Amp 

883 

— 

LF157 

H 

JFET Input Op Amp 

883 

— 

LF157A 

H 

JFET Input Op Amp 

883 

— 

LF411M 

H 

Low Offset, Low Drift JFET Input 

883/JAN 

/1 1904 

LF412M 

H,J 

Low Offset, Low Drift JFET Input-Dual 

883/JAN 

/1 1905 

LF441M 

H 

Low Power JFET Input 

883 

— 

LF442M 

H 

Low Power JFET Input-Dual 

883 

— 

LF444M 

D 

Low Power JFET Input-Quad 

883 

— 

LH0002 

H 

Buffer Amp 

“-MIL” 

— 

LH0021 

K 

1 .0 Amp Power Op Amp 

“-MIL” 

— 

LH0024 

H 

High Slew Rate Op Amp 

“-MIL” 

— 

LH0032 

G 

Ultra Fast FET-Input Op Amp 

“-MIL” 

— 

LH0041 

G 

0.2 Amp Power Op Amp 

“-MIL” 

— 

LH0101 

K 

Power Op Amp 

“-MIL” 

— 

LM10 

H 

Super-BlockTM Micropower Op Amp/ Ref 

883/SMD 

5962-87604 

LM101A 

J,H,W 

General Purpose Op Amp 

883/JAN 

/10103 

LM108A 

J,H,W 

Precision Op Amp 

883/JAN 

/10104 

LM118 

J.H 

Fast Op Amp 

883/JAN 

/10107 

LM124 

J. E,W 

Low Power Quad Op Amp 

883/JAN 

/I 1005 

LM124A 

J. E, W 

Low Power Quad 

883/JAN 

/1 1006 

LM146 

J 

Quad Programmable Op Amp 

883 

— 

LM148 

J.E 

Quad 741 Op amp 

883/JAN 

/11001 

LM158A 

J.H 

Low Power Dual Op Amp 

883/SMD 

5962-8771002 

LM158 

J.H 

Low Power Dual Op Amp 

883/SMD 

5962-8771001 

LM611AM 

J 

Super-Block Op Amp/Reference 

883/SMD 

— 

LM613AM 

|-It il^-4 >1 A Ik ii 

J,E 

Super-Block Dual Op Amp/Dual Comp/Ref 

883/SMD 

— ' 

LMd14AM 

J 

Super-Block Quad Op Amp/Ref 

— ooS/olvIt:; 

■ 

LM709A 

H.J.W 

General Purpose Op Amp 

883/SMD 

7800701 

LM741 

J,H,W 

General Purpose Op Amp 

883/JAN 

/10101 

LM747 

J.H 

General Purpose Dual Op Amp 

883/JAN 

/10102 

LM6118 

J,E 

VIP Dual Op Amp 

883/SMD 

5962-91565 

LM6121 

H. J 

VIP Buffer 

883/SMD 

5962-90812 

LM6125 

H 

VIP Buffer with Error Flag 

883/SMD 

5962-90815 

LM6161 

J.E.W 

VIP Op Amp (Unity Gain) 

883/SMD 

5962-89621 

LM6162 

J. E.W 

VIP Op Amp (Av> 2, - 1) 

883/SMD 

5962-92165 

LM6164 

J. E.W 

VIP Op Amp (Ay > 5) 

883/SMD 

5962-89624 

LM6165 

J.E.W 

VIP Op Amp (Ay > 25) 

883/SMD 

5962-89625 

LM6181AM 

J 

VIP Current Feedback Op Amp 

883/SMD 

5962-9081802 

LM6182AM 

J 

VIP Current Feedback Dual Op Amp 

883/SMD 

5962-9460301 

LMC660AM 

J 

Low Power CMOS Quad Op Amp 

883/SMD 

5962-9209301 

LMC662AM 

J 

Low Power CMOS Dual Op Amp 

883/SMD 

5962-9209401 

LPC660AM 

J 

Micropower CMOS Quad Op Amp 

883/SMD 

5962-9209302 

LPC662AM 

J 

Micropower CMOS Dual Op Amp 

883/SMD 

5962-9209402 

LMC6482AM 

J 

Rail to Rail CMOS Dual Op Amp 

883/SMD 

5962-9453401 

LMC6484AM 

J 

Rail to Rail CMOS Quad Op Amp 

883/SMD 

5962-9453402 

OP07 

H 

Precision Op Amp 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 
Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

COMPARATORS 

LF111 

H 

Voltage Comparator 

“-MIL” 

— 

LH2111 

J, W 

Dual Voltage Comparator 

883/JAN 

/I 0305 

LM106 

H, W 

Voltage Comparator 

883/SMD 

8003701 

LM111 

J, H, E.W 

Voltage Comparator 

883/JAN 

/I 0304 

LM119 

J, H, E, W 

High Speed Dual Comparator 

883/JAN 

/I 0306 

LM139 

J, E,W 

Quad Comparator 

883/JAN 

/1 1201 

LM139A 

J,E,W 

Precision Quad Comparator 

883/SMD 

5962-87739 

LM160 

J, H 

High Speed Differential Comparator 

883/SMD 

8767401 

LM161 

J,H,W 

High Speed Differential Comparator 

883/SMD 

5962-87572 

LM193 

J,H 

Dual Comparator 

883 

— 

LM193A 

J,H 

Dual Comparator 

883/JAN 

/I 1202 

LM612AM 

J 

Dual-Channel Comparator/ Reference 

883/SMD 

5962-93002 

LM613AM 

J,E 

Super-Block Dual Comparator/ 

Dual Qp Amp/Ad] Reference 

883/SMD 

5962-93003 

LM615AM 

J 

Quad Comparator/ Adjustable Reference 

883 

— 

LM710A* 

J, H,W 

Voltage Comparator 

883/JAN 

/10301 

LM711A* 

J,H,W 

Dual LM710 

883/JAN 

/I 0302 

LM760 

J, H 

High Speed Differential Comparator 

883/SMD 

5962-87545 

’Formerly manufactured by Fairchild Semiconductor as part numbers p,A710 and |u,A711. 



LINEAR REGULATORS 




Positive Voltage Regulators 




LM105 

H 

Adjustable Voltage Regulator 

883/SMD 

5962-89588 

LM109 

H 

5V Regulator, \q = 20 mA 

883/JAN 

/10701BXA 

LM109 

K 

5V Regulator, Iq = 1A 

883/JAN 

/10701BYA 

LM117 

H, E, K 

Adjustable Regulator 

883/JAN 

/1 1703, /1 1704 

LM117HV 

H 

Adjustable Regulator, Iq = 0.5A 

883/SMD 

7703402XA 

LM117HV 

K 

Adjustable Regulator, Iq = 1 -SA 

883/SMD 

7703402YA 

LM123 

K 

3A Voltage Regulator 

883 

— 

LM138 

K 

5A Adjustable Regulator 

“-MIL” 

— 

LM1 40-5.0 

H 

0.5A Fixed 5V Regulator 

883/JAN 

/I 0702 

LM1 40-6.0 

H 

0.5A Fixed 6V Regulator 

883 

— 

LM1 40-8.0 

H 

0.5A Fixed 8V Regulator 

883 

— 

LM140-12 

H 

0.5A Fixed 12V Regulator 

883/JAN 

/I 0703 

LM140-15 

H 

0.5A Fixed 15V Regulator 

883/JAN 

/I 0704 

LM1 40-24 

H 

0.5A Fixed 24V Regulator 

883 

— 

LM140A-5.0 

K 

1 .OA Fixed 5V Regulator 

883 

— 

LM140A-12 

K 

1.0A Fixed 12V Regulator 

883 

— 

LM140A-15 

K 

1 .OA Fixed 1 5V Regulator 

883 

— 

LM140K-5.0 

K 

1 .OA Fixed 5V Regulator 

883/JAN 

/I 0706 

LM140K-12 

K 

1 .OA Fixed 12V Regulator 

883/JAN 

/1 0707 

LM140K-15 

K 

1.0A Fixed 15V Regulator 

883/JAN 

/I 0708 

LM140LAH-5.0 

H 

100 mA Fixed 5V Regulator 

883 

— 

LM140LAH-12 

H 

1 00 mA Fixed 1 2V Regulator 

883 

— 

LM140LAH-15 

H 

100 mA Fixed 15V Regulator 

883 

— 

LM150 

K 

3A Adjustable Power Regulator 

883 

— 

LM2940-6.0 

K 

5V Low Dropout Regulator 

883/SMD 

5962-89587 

LM2940-8.0 

K 

8V Low Dropout Regulator 

883/SMD 

5962-90883 

LM2940-12 

K 

1 2V Low Dropout Regulator 

883/SMD 

5962-90884 

LM2940-15 

K 

1 5V Low Dropout Regulator 

883/SMD 

5962-90885 

LM2941 

K 

Adjustable Low Dropout Regulator 

883/SMD 

TBD 

LM431 

H, K 

Adjustable Shunt Regulator 

883 

— 

LM723 

H, J,E 

Precision Adjustable Regulator 

883/JAN 

/1 0201 

LP2951 

H, E.J 

Adjustable Micropower LDO 

883/SMD 

5962-38705 

LP2953AM 

J 

250 mA Adj. Micropower LDO 

883/SMD 

5962-9233601 
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Military Analog Products Available from National Semiconductor (Continued) 



LINEAR REGULATORS (Continued) 


Negative Voltage Regulators 


LM1 20-5.0 

H 

Fixed 0.5A Regulator, VouT = — 5V 

883/JAN 

/11501 

LM 120-8.0 

H 

Fixed 0.5A Regulator, Vqut = -8V 

883 

— 

LM120-12 

H 

Fixed 0.5A Regulator, Vqut = - 1 2V 

883/JAN 

/1 1502 

LM120-15 

H 

Fixed 0.5A Regulator, Vqut = “15V 

883/JAN 

/1 1503 

LM1 20-5.0 

K 

Fixed 1.0A Regulator, Vqut = -5V 

883/JAN 

/11505 

LM120-12 

K 

Fixed 1 .OA Regulator, Vqut = - 1 2V 

883/JAN 

/11506 

LM120-15 

K 

Fixed 1 .OA Regulator, Vqut = - 1 5V 

883/JAN 

/11507 

LM137A 

H 

Precision Adjustable Regulator 

883/SMD 

7703406XA 

LM137A 

K 

Precision Adjustable Regulator 

883/SMD 

7703406YA 

LM137 

H, K 

Adjustable Regulator 

883/JAN 

/1 1803, /1 1804 

LM137HV 

H 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404XA 

LM137HV 

K 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404YA 

LM 145-5.0 

K 

Negative 3 Amp Regulator 

883/SMD 

5962-90645 

LM1 45-5.2 

K 

Negative 3 Amp Regulator 

883 

— 

SWITCHING REGULATORS 

LM 1575-5 

J, K 

Simple Switcher™ Step-Down, VouT = 5V 

883/SMD 

5962-9167201 

LM1575-12 

J, K 

Simple Switcher Step-Down, VouT = 12V 

883/SMD 

5962-9167301 

LM1575-15 

J, K 

Simple Switcher Step-Down, Vqut = 1 5V 

883/SMD 

5962-9167401 

LM1575-ADJ 

J, K 

Simple Switcher Step-Down, Adj Vqut 

883/SMD 

5962-9167101 

LM1575HV-5 

K 

Simple Switcher Step-Down, VouT = 5V 

883 

— 

LM1575HV-12 

K 

Simple Switcher Step-Down, Vout = 1 2V 

883 

— 

LM1575HV-15 

K 

Simple Switcher Step-Down, Vqut 1 5V 

883 

— 

LM1575HV-ADJ 

K 

Simple Switcher Step-Down, Adj Vqut 

883 

— 

LM1577-12 

K 

Simple Switcher Step-Up, Vqut = 12V 

883/SMD 

5962-9216701 

LM1577-15 

K 

Simple Switcher Step-Up, Vqut = 1 5V 

883/SMD 

5962-9216801 

LM1577-ADJ 

K 

Simple Switcher Step-Up, Adj Vqut 

883/SMD 

5962-9216601 

LM1578 

H 

750 mA Switching Regulator 

883/SMD 

5962-89586 

LM78S40" 

J 

Universal Switching Regulator Subsystem 

883/SMD 

5962-88761 


‘Formerly manufactured by Fairchild Semiconductor as the jaA78S40DMQB. 


VOLTAGE REFERENCES 


LM1 03-3.0 

H 

Reference Diode, BV = 3.0V 

883/SMD 

7702806 

LM 103-3.3 

H 

Reference Diode, BV = 3.3V 

883/SMD 

7702807 

LM1 03-3.6 

H 

Reference Diode, BV = 3.6V 

883/SMD 

7702808 

LM1 03-3.9 

H 

Reference Diode, BV = 3.9V 

883/SMD 

7702809 

LM113 

H 

Reference Diode with 5% Tolerance 

883/SMD 

5962-8671101 

LM113-1 

H 

Reference Diode with 1 % Tolerance 

883/SMD 

5962-8671102 

LM113-2 

H 

Reference Diode with 2% Tolerance 

883/SMD 

5962-8671103 

LM129A 

H 

Precision Reference, 10 ppm/°C Drift 

883/SMD 

5962-89921 01 XA 

LM129B 

H 

Precision Reference, 20 ppm/®C Drift 

883/SMD 

5962-89921 02XA 

LM136A-2.5 

H 

2.5V Reference Diode, 1 % Vout Tolerance 

883 

— 

LM136A-5.0 

H 

5V Reference Diode, 1 % Vqut Tolerance 

883/SMD 

8418001 

LM1 36-2.5 

H 

2.5V Reference Diode, 2% Vqut Tolerance 

883 

— 

LM1 36-5.0 

H 

5V Reference Diode, 2% Vqut Tolerance 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

VOLTAGE REFERENCES (Continued) 

LM169 

H 

10V Precision Reference, LowTempco 0.05% Tolerance 

883 

— . ' ’ - . 

LM185B 

H.E 

Adjustable Micropower Voltage Reference 

883/SMD 

5962-9041401 

LM185BX2.5 

H 

2.5V Micropower Reference Diode, Ultralow Drift 

883/SMD 

5962-8759404 

LM185BY 

H 

Adjustable Micropower Voltage Reference 

883 

— 

LM185BY1.2 

H 

1 .2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759405 

LM185BY2.5 

H 

2.5V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759406 

LM185-1.2 

H,E 

1 .2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759401 

LM1 85-2.5 

H.E 

2.5V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759402 

LM199 

H 

Precision Reference, Low Tempco 

883/SMD 

5962-8856102 

LM199A 

H 

Precision Reference, Ultralow Tempco 

883/SMD 

5962-8856101 

LM199A-20 

H 

Precision Reference, Ultralow Tempco 

883 

— 

LM611AM 

J 

Super-Block Op Amp/Reference 

883 

— , 

LM612AM 

J 

Super-Block Dual-Channel Comparator/Reference 

883/SMD 

5962-9300201 

LM613AM 

J,E 

Super-Block Dual Op Amp/DualComp/Dual Ref 

883/SMD 

5962-9300301 

LM614AM 

J 

Super-Block Quad Op Amp/Reference 

883/SMD 

5962-9300401 

LM615AM 

J 

Super-Block Quad Comparator/Reference 

883/SMD 

TBD 

LH0070-0 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-1 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-2 

H 

Precision BCD Buffered Reference 

“-MIL” 


DATA ACQUISITION 

ADC08020L 

J 

8-Bit jLiP-Compatible 

883/SMD 

5962-90966 

ADC0851 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC0858 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC08061CM 

J 

8-Bit Multistep ADC 

883/SMD 

TBD 

ADC10061CM 

J 

10-Blt Multistep ADC 

883/SMD 

TBD 

ADC10062CM 

J 

1 0-Bit Multistep ADC w/Dual 

Input Mutipiexer 

883/SMD 

TBD 

ADC10064CM 

J 

1 0-Bit Multistep ADC w/Quad 

Input Multiplexer 

883/SMD 

TBD 

ADC1241CM 

J 

1 2-Bit Plus Sign Self-Calibrating 
with Sample/Hold Function 

883/SMD 

5962-9157801 

ADC12441CM 

J 

Dynamically-Tested ADC1241 

883/SMD 

5962-9157802 

ADC1251CM 

J 

1 2-Bit Plus Sign Self-Calibrating 
with Sample/Hold Function 

883/SMD 

5962-9157801 

ADC12451CM 

J 

Dynamically-Tested ADC1251 

883/SMD 

TBD 

DAC0854CM 

J 

Quad 8-Bit D/A Converter 
with Read Back 

883/SMD 

TBD 

DAC1054CM 

J 

Quad 10-Bit D/A Converter 
with Read Back 

883/SMD 

TBD 

LM12458M 

EL,W 

1 2-Bit Data Acquisition System 

883/SMD 

5962-9319501 

LM12H458M 

EL,W 

1 2-Bit Data Acquisition System 

883/SMD 

5962-9319502 
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Military Analog Products Available from National Semiconductor (Continued) 


Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Fiows 
(Note 2) 

SMD/JAN 
(Note 3) 

DATA ACQUISITION SUPPORT 

Switched Capacitor Fiiti 

LMF60CMJ50 

LMF60CMJ100 

LMF90CM 

LMF100A 

irs 

J 

J 

J 

J.E 

6th Order Butterworth Lowpass 

6th Order Butterworth Lowpass 

4th Order Elliptic Notch 

Dual 2nd Order General Purpose 

883/SMD 

883/SMD 

883/SMD 

883/SMD 

5962-90967 

5962-90967 

5962-90968 

5962-9153301 

Sample and Hold 

LF198 

H 

Monolithic Sample and Hold 

SMD/JA 

5962-87608 

/12501 

Motion Control 

LMD1 8200-2 

D 

Dual 3A, 55V H-Bridge 

1 883/JAN 

5962-9232501 


Note 1: D: Side-Brazed DIP Note 2: Process Flows 


E: Leadless Ceramic Chip Carrier 

JAN = JM38510, Level B 

G: Metal Can (TO-8) 

SMD = Standard Military Drawing 

H: Metal Can (TO-39, TO-5, TO-99, TO-100) 

883 = MIL-STD-883 Rev C 

J: Ceramic DIP 

-MIL = Exceptions to 883C noted on 

K: Metal Can (TO-3) 

Certificate of Conformance 

W: Flatpak 



Note 3: Please call your local sales office to determine price and availability of space-level products. All "LM” prefix products in this guide are availble with space- 
level processing. 
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National Semiconductor 


Appendix E 

Understanding integrated Circuit 
Package Power Capabiiities 


INTRODUCTiON 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the Im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to Inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUTTIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time tO to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) Is the average time (In 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are Inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: X1 = Failure rate at junction temperature T1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated In a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30® 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 1 0 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 \sa flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage In the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping ail these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

Tj = Ta + Pd (0ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pd = Total power dissipation (in watts) 

^JA = Thermal resistance junction-to-ambient 
0JA, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0JA. 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



TL/H/9312-3 

FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/H/9312-4 


FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0JA, worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
Pd- In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is tOa^C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
1 75°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 1 SO^C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1 .98W as given by the following calculation: 


The slope of the straight line between these two points Is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = - 

^JA 

As mentioned. Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70“C In our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 1 50“C — ^the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150®C. Any Intersection that occurs above this line 
will result in a junction temperature in excess of 150“C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25'’C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/^C. For our example — a 0 ja of 
63“C/ W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way In 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 


Figure 6 a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases — this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMlL^) 


TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 


Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



DIE SIZE (kMIL^) 

TL/H/9312-7 


FIGURE 7. Thermal Resistance vs 
Lead Frame Material 


Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



1 2 3 4 5 6 7 8910 

DIE SIZE(kMIL^) 

TL/H/9312-8 


FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 


Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 



AIR FLOW (LINEAR FEET/ MINUTE) 

JL/H/9 312-9 

FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0 ja) and thermal resistance 
junction-to-case (0jc). The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used In extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 

NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
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package. Figure / / is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTEGRATED CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 
sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 


Molded (N Package) DIP* 
Copper Leadframe — HTP 
Die Attach Board Mount — 
Still Air 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL^) 

‘Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 

22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 


FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 


Surface Mount (M, MW Packages), 
Board Mount, Still Air 
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TL/H/9312-12 

FIGURE 12. Thermal Resistance for “SO” Packages 
(Board Mount) 


The package power ratings are specified as a maximum 
power at 25”C ambient with an associated derating factor 
for ambient temperatures above 25'’C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25®C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation* at 25“C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

* Derate cavity package at 10 mW/'C above 25*0; derate molded package 
at 1 1 .8 mW/'C above 25*0. 

If the molded package is used at a maximum ambient tem- 
perature of ZO^C, the package power capability is 945 mW. 
Pd @ 70“C= 1 476 mW-(1 1 .8 mWrC) X (70<’C-25'’C) 

= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount — Still Air 


u — . 
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‘Packages from 8- to 20-pin 0.3 mil width TL/H/9312-1 1 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 1 1. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 


TO-263 (S Package) 



0 1 2 3 

COPPER FOIL AREA (SQ. IN.) 

TL/H/9312-13 

‘For products with high current ratings (>3A), thermal resistance hiay be 
lower. Consult product datasheet for more information. 

FIGURE 13. Thermal Resistance (typ.*) for 3-, 5-, 
and 7-L TO-263 packages mounted on 1 oz. 
(0.036mm) PC board foil 
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APPENDIX F 

How to Get the Right informatlori From a Data Sheet 

Not AH Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed — and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, If there are significant changes and Improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 

For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers Includ- 
ed the slewing time In their definition. Because both groups 

made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 Mn — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between lb and Zjn per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-Interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zjn per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 
o The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 1 00 percent 
of the devices, 100 percent of the time. 

® The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
aslong^-terrh drift (20 p^prh or SCr^prrToveM^ 

The data sheet may not tell the reader if it is measured, 
tested or estimated. One manufacturer may perform a 1 00- 
percent test, while another states, ‘‘Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
Is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled ‘‘typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where lb is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the lb 
is 140 nA when the beta is low. 



10-25 


Appendix F 


Appendix 


Absolute Maximum Ratings (Noten) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 35 V to - 0.2V 

Output Voltage + 6V to - 1 .OV 

Output Current 1 0 mA 

Storage Temperature, 

TO-46 Package - 76°F to 4- 356“F 

TO-92 Package - 76°F to + 300“F 

DC Electrical Characteristics (Note i. Note 6) 


Lead Temp. (Soldering, 4 seconds) 

TO-46 Package +300°C 

TO-92 Package +260“C 

Specified Operating Temp. Range (Note 2) 

TmIN to TmaX 

LM34, LM34A -SOT to +300T 

LM34C, LM34CA -40Tto +230T 

LM34D +32Tto+212T 


Conditions 



Accuracy (Note 7) 

Ta = +77T 


Ta = OT 


Ta = Tmax 


Ta = Tmin 


(Note 4) (Notes) 

±1.0 


Typical 


(Note 4) (Notes) 

±1.0 


Nonlinearity (Note 8) 

Sensor Gain 
(Average Slope) 

Load Regulation 
(Note 3) 


Tmin ^ Ta ^ Tmax 
Tmin ^ Ta ^ Tmax 


Load Regulation Ta = +77T 

(Note 3) Tmin ^ Ta ^ Tmax 

0 ^ II ^ 1 mA 

Line Regulation (Note 3) Ta = ± 77T 


Quiescent Current 
(Note 9) 


Change of Quiescent 
Current (Note 3) 




4V ^ Vs ^ 30V, 
5V ^ Vs ^ 30V 


Temperature Coefficient 
of Quiescent Current 


+ 0.30 

Minimum Temperature 
for Rated Accuracy 

In circuit of Figure 1, 

1l = o 

+ 3.0 


Long-Term Stability 


Note 1: Unless otherwise noted, these specifications apply: -50*F ^ Tj + 300"F for the LM34 and LM34A; -40^ ^ Tj ^ +230*F for the LM34C and 
LM34CA: and + 32T ^ Tj ^ +21 2T for the LM34D. Vs = + 5 Vdc and iuoAD = 50 fiA in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230T ^ Tj ^ 
300T. These specifications also apply from +5^ to Tmax in th© circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292’F/W junction to ambient and 43*F/W junction to case. Thermal resistance of the TO-92 package is 
324“F/Vi/ junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/^F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in ®F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent currents defined in the circuit of Figure 1. 

Note 10: Contact factory for availability of LM34CAZ. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 
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A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 1s 
the definition of Absolute Max Ratings. 

* Note — the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note — the wording of Note 11 has been revised — this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can Invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed^But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks— potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker Isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the Input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value — but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s^tel^ 
phone number. Usually it Is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring In product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications Ideas, 
specifications and aids for the user. And, If the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check, Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet— good 
applications, convenient features for the user and nicely 
tested specifications as the part Is being designed — ^then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet — which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,’’ and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.’’ The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible’’ and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at Nationai Semicon- 
ductor Corp., Santa Ciara, Caiif, for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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Physical Dimensions 





20 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E20A 

All dimensions are in inches (millimeters) 


0.350±0.008 



Top View 



0.063-0.075 

(1.600-1.905) 


Side View 


0.200 ±0.005 
(5.080 ±0.127) 



3PLCS 

Bottom View 


0.003 

(0.076)- 


MIN TYpIL^S"^ 

0.022 A “r 

^ - • 1.^ T 0.006 

4 * (0.152) 

I MIN TYP 


(0.559) 
MAX TYP 


Detail A 



Physical Dimensions 
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2 Lead (0.100" Diameter P.C.) TO-46 Metal Can Package 
NS Package Number H02A 

All dimensions are in inches (millimeters) 




( 0 . 914 - 1 . 168 ) ( 0 . 711 - 1 . 219 ) 


H02A (REV C) 


3 Lead (0.200" Diameter P.C.) TO-39 Metal Can Package, High Profile 
NS Package Number H03B 

All dimensions are in inches (millimeters) 



Physical Dimensions 


3 Lead (0.100" Diameter P.C.) TO-46 Metal Can Package 
NS Package Number H03H 

All dimensions are in inches (millimeters) 


SEATING 

plane“| 

0.025 


- MAX 


_L 


( 0 . 635 ) 3 } 

UNCONTROLLED 
LEAD DiA 
0 . 016 - 0.019 


0 . 209 - 0.219 


( 5 . 308 - 5 . 563 ) 

0 . 178 - 0.195 


DIA 


( 4 . 521 - 4 . 953 )’ 

0 . 080 - 0.105 


TT 

a a a. 


( 0 . 406 - 0 . 483 ) 

DIATYP 


( 2.032 - 2 . 667 ) 
0.500 


( 12 . 70 ) 


MIN 


0.030 

( 0 . 762 ) 

MAX 



4 Lead (0.100'' Diameter P.C.) Shielded TO-46 Metal Can Package 
NS Package Number H04D 

All dimensions are in inches (millimeters) 


X- SEATING PLANE 




10-34 



8 Lead (0.200" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H08C 

All dimensions are in inches (millimeters) 



8 Lead Ceramic Dual-in-Line Package 
NS Package Number J08A 

„ All dimensions are i n inches 




JOSA (REV K) 


10 
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14 Lead Ceramic Dual-in-Line Package 
NS Package Number J14A 

All dimensions are in inches (millimeters) 




16 Lead Ceramic Duai-in-Line Package 
NS Package Number J16A 

All dimensions are in inches [millimeters] 
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18 Lead Ceramic Dual-in-Line Package 
NS Package Number J18A 


All dimensions are in inches (millimeters) 


MnoiEaicaiBimiEBiEBiciiiEM 



0.290-0.320 ^ 

I (7,366-8,128) I 



0,055:1:0.005 
(1.397 ±0.1 27) 


0,037 ±0.005 
(0.940 ±0.127) 


(5.080) 

0.020- 0.060 
(0.508-1.524) 
0.125-0,200 
(3.175 - 5.080) 


20 Lead Ceramic Dual-in-Line Package 
NS Package Number J20A 


All dimensions are in inches (millimeters) 



19 18 17 16 15 14 13 12 11 | 


0.220-0.310 

(5.588-7.874) 


0.005-0.020 / 
(0.127-0.508) 
RAD TYP 


0.290-0.320 

(7.366-8.128) 



0.008-0.012 

(0.203-0.305) 


I 0.310-0.410 I 
(7.874- 10.41)“*"^ 


0.060 
(1.524) 
MAX 
BOTH ENDS 


0.055 ±0.005 
(1.397 ±0.127)“ 


0.020-0.060 

(0.508-1.524) 


f 0.150 T 

0.125-0.200 
MIN (3.175-5.080) 


0.018 ±0.003 
(0.457 ±0.076) 


u 

Hh 


0.100±0.010 

'(2.540±0.254) 
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24 Lead Ceramic Duai-in-Line Package 
NS Package Number J24A 

All dimensions are in inches (millimeters) 


1.290 



0.600 
(15.240) 
r MAX 
4- GLASS 


0.514-0.526 

(13.06-13.36) 


0.180 



24 Lead (0.300" Wide) Ceramic Dual-in-Line Package 
NS Package Number J24F 

All dimensions are in inches (millimeters) 



0.008-0.012 


(0.203-0.305) 

TYP 


J24F(REVG) 
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28 Lead Ceramic Dual-m-Line Package 
NS Package Number J28A 

All dimensions are in inches (millimeters) 



( 4 . 572 ) 




40 Lead Ceramic Dual-in-Line Package 
NS Package Number J40A 

All dimensions are in inches (millimeters) 






3 Lead Molded SOT-23, Low Profile 
NS Package Number M03B 


All dimensions are in 


inches 

millimeters 


0.098 

0.083 

2.489 

2.108 


0.0005 
0.102 ■ 
0.013 




0.017 

0.015 


0.432 

0.381 


p 

0.040 1 

1 

L— _ 

0.035 J 

1' 1.016 ' 


0.080 

0.070 


0.120 

0.110 


2.032 

1.778 


0.055 

0.047 

1.397 

1.194 



0.610 

0.457 


. 3.048 ^ 

2.794 

1 10® NOM 1 1 

1 ^ 
0.041 
0.035 


r 1 1 

1.041 

0.889 1 

■■ 

m= 

1 


A “ 


0.0040 

B 



0.024 

0.018 

0.610 

0.457 


10® NOM 


'10® NOM 


/10® NOM 


8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 


NS Package Number M08A 



All dimensions are in inches (millimeters) 



0.053 - 0.069 


(1.348-1.753) 

i 

0.004 -0.010 
(0.102 -0.254) 


i ^ SEATING 

1 1 

iS, «««^ 

0.0 

U 

I i|) plane 

0.014 - 0.020 Tvo 

' ' (1.270) ^ 

TYP 

?§.TYP-*- 

(0.356-0.508) 


(0.203) MOSAfREvm 


0.016-0.050 
(0.406-1.270) 
TYP ALL LEADS 
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16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16A 

All dimensions are in inches (millimeters) 


^ 0.366-0.394 

(9.804-10.00) 

16 15 14 13 12 11 10 



0.228 -0.244 
(5.791 -6.198) 


1 2 3 4 5 6 7 


0.150-0.157 

(3.810-3.988) 


0.053-0.069 

(1.346-1.753) 


0.004 - 0.010 
(0.102-0.254) 


0.008-0.010 

(0.203-0.254) 


0.004 

( 0 . 102 ) 

ALL LEAD TIPS 


0.016-0.050 
■ (0.408-1.270) 


^ 0.050 __ 

(0.356) —►I 27o> 1"^: 


0.014-0.020 TVP 
(0.356-0.503) 


16 Lead (0.300'^ Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16B 



16 15 14 13 12 11 10 


LEAD NO 1 
IDENTIFICATION 


1 2 3 4 5 6 7 


All dimensions are in 


0.2914-0.2992 I 

7.4-7.6 0.3940-0.4190 

r^rri 10.00-10.65 





0.0040-0.0118 
0.1 -0.3 


I 1 «- 

0.004 

0.1 I 

AD TIPS 


12 
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28 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M28B 

All dimensions are in inches (millimeters) 





0.300 

0.291 

.INDEX 

AREA 

(7.60) 

(7.40) 

0.420 (10 
0.393 (10 
' 1 

14 

15 

% 

\ 



0.713 (18.10) 
0.696 (17.70) 



0.050 (1.27) 0.020 (0.49) 

BSC 0.013 (0.35) 



20 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA20 

All dimensions are in millimeters 
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28 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA28 




-1.73-2.00 

TYP 


-0.20-0.40 TYP 
k|0.254(S)|c|B|A(D| 


-0.00-0.21 

TYP 


All dimensions are in millimeters 



0.10-0.22 

TYP 


J 

-H 1—0.52-0.9 


24 Lead Molded Thin Shrink Smali Outline Package 
NS Package Number MTB24 

H 7.8 ±0.1 l-B-l H 


All dimensions are in millimeters 


LEAD No. 1 
IDENTIFICATION 




llUiililililililililililiJ 


0.24 © 



10-45 









Physical Dimensions 


8 Lead (0.300" Wide) Molded DuaMn-Line Package 
NS Package Number NOSE 

All dimensions are in inches (millimeters) 



14 Lead (0.300" Wide) Molded DuaMn-Line Package 
NS Package Number N14A 

All dimensions are in inches (millimeters) 



INDEX 

AREA 


PIN NO. 1 
IDENT 



OPTION 02 


0.135±0.0(1S 
(3.429 ±0.127) 



0.300 - 0.320 


(7.6Z0-8.12B) 0.065 



(1.651) 

I .. -\ 


t } 

0.008-0.016 

0.280 

h-(7.112)-*- 

MIN 

]■* (0,203 - 0.41)6) 



TYP 


(8.25S 


-1-1.016) 
-0.38 V 


NMA(REV FI 
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16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16E 

All dimensions are in Inches (millimeters) 



Physical Dimension 



Physical Dimensions 


18 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N18A 

All dimensions are in inches [millimeters] 




0.008-0.014 

[0.20-0.36] 


N10A (REV F) 


20 Lead (0.300" Wide) Molded DuaHn-Line Package 
NS Package Number N20A 

All dimensions are in inches (millimeters) 





N20A(REV Q) 
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24 Lead (0.600 Wide) Molded Dual-in-Line Package 
NS Package Number N24A 


All dimensions are in inches (millimeters) 


1.243-1.270 

"(31.57-32.26) 



PINN0.1 fOENT 


DOTTED OUTLINES 
REFLECT ALTERNATE 
MOLDED BODY CONFIGURATION 


0.600-0.620 

"(15.24-15.748)” 


0.009-0.015 


(0.229-0.381) 
0.075 ±0.015 



0.160 ±0.005 
(4.064 ±0.127) 


0.170-0.210 

1(4.318-5.334) 


24 Lead (0.300"' Wide) Molded Dual-in-Line Package 
NS Package Number N24C 

All dimensions are in inches (millimeters) 


1.243-1.270 

CT OO OC\ 



0.260 ±0.005 
(6.604 ±0.127) 


EJECTOR PINS J 
OPTIONAL 


0.009-0.015 

(0.229-0.381) 





0.075 ±0.01 5 
(1.905 ±0.381) 


I U U I 

- h 


0.100±0.010 
(2.54 ±0.254) 
TYP 


0.018 ±0.003 
(0.457 ±0.076) - 
TYP 


0.13Q±0.005 
(3.302 ±0.127) 


0145-0.21 
JT S (3.683-5.01 


0.125-0.145 

(3.175-3.556) 

MIN 


19 


Physical Dimension: 







Physical Dimensions 


28 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N28B 

All dimensions are in inches (millimeters) 


|281 |27| |26| |25| |24| |23| |22| |2l| |20| |l9| |tB| |17| |l6l |l5| 

0 062 ' \ 


0.51D±0.005 j 
(12.95 ± 0.127) ; 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 


0.030 0.600-0.620 

(0.762)” n (15.24-15.75) 


(«< 1!3 


1.393-1.420 

■(35.38-36.07) 


0.145-0.210 
(3.683 -5.334) 


0.125-0.165 
(3.175-4.191) 0 020 


-.S5S, u y u U U 

0.050 ±0.015 I O.IOOiO.010 

(1.270±0.381)~^ (2.540± 0.254) 








1 


1 





1* ; 





1 1 

1 1 

J [ 

J [ 

J 1 


J [ 



--*^86“ 94'’TYP , 


0.100±0.pi0.^ _^|^p.pi 8 ±. 0 .p 03 Wo.145 

i2 54D*D.254J^ (0.4571 0.076) (3 175 -3 6- 


40 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N40A 

All dimensions are in inches (millimeters) 


0.600-0.620 

(15.240-15.748)' 


2.043-2.070 

“ (51 .89-52.58) 

Rin|39| fMlf37lf36l|S||3^f33][32l[3il[30l[Mlf28l(27](26l|25l[2^lZ3l[22](2i]_ 


0.550 ±0.005 
(13.970 ±0.127) 


MmNNNiTjmNNNNNMNNMNNN 


0.009-0.015 


(0.229-0.381) 
0.075 ±0.015 



0.125-0.165 

(3.175-4.191) 


0.145-0.210 
. (3.683-5.334) 
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Physical Dimensions 


3 Lead Molded TO-226 
NS Package Number RC03A 


0.175-0.185 

"(4.445-4.699) 



EJECTOR PIN MARK 


All dimensions are in inches (millimeters) 



^ (0.3 


0.015-0.016 
" (0.381 -0.406) 
TYP BEFORE 
LEAD FINISH 


0.135-0.145 

(3.429-3.683) 


0.045-0.055 

(1.143-1.397)“^ 


0.045-0.055 

(1.143-1.397) 


20 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V20A 


°[3.89 


0.029±0.003 ^ 
[0.74±0.08] 


! J 

^ nnl TYP r— 


[0.43±0.10] 



All dimensions are in inches [millimeters] 


[7.87±0.51] 


■SEATING PLANE 


0.105±0.015 

■ [2.67±0.38] TYP 

0.165“0.180 Tvp 

■ [4.19-4.57] 



[9.91±0.13] 


|0|0.004 [0.10] I 
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28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 

All dimensions are in inches [millimeters] 



44 Lead Moided Plastic Leaded Chip Carrier 
NS Package Number V44A 

' All dimensions are irTinches [millimeters] 
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National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
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MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • Surface Mount 


CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK— 1994 
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DATA ACQUISITION DATABOOK SUPPLEMENT— 1992 
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Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK— 1993 
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LINEAR APPLICATIONS HANDBOOK— 1994 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 
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Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products • Token-Ring Interface Controller (TROPIC) 
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LOW VOLTAGE DATABOOK— 1992 

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 

MASS STORAGE HANDBOOK— 1989 

Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 

Rigid Disk Data Controller ® SCSI Bus Interface Circuits • Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK— 1994 

FLASH • CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK— 1994 

FLASH • EEPROMs ® EPROMs ® Application Notes 

OPERATIONAL AMPLIFIERS DATABOOK— 1995 

Operational Amplifiers • Buffers « Voltage Comparators • Active Matrix/LCD Display Drivers 
Special Functions « Surface Mount 

PACKAGING DATABOOK— 1993 

Introduction to Packaging o Hermetic Packages <» Plastic Packages <* Advanced Packaging Technology 
Package Reliability Considerations ® Packing Considerations ® Surface Mount Considerations 

POWER IC’s DATABOOK— 1995 

Linear Voltage Regulators « Low Dropout Voltage Regulators ® Switching Voltage Regulators 
Motion Control ® Surface Mount 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE— 1993 

Product Line Overview ® Datasheets ® Design Guide: Designing with PLDs ® PLD Design Methodology 
PLD Design Development Tools ® Fabrication of Programmable Logic ® Application Examples 

REAL TIME CLOCK HANDBOOK— 1993 

3-VoirLOw Voltage RearTime Clocks » RearTime Clocks and Timer Clock Peripherals ®'AppIication Notes 

RELIABILITY HANDBOOK— 1987 

Reliability and the Die » Internal Construction ® Finished Package ® MIL-STD-883 ® MIL-M-38510 

The Specification Development Process ® Reliability and the Hybrid Device ® VLSI/VHSIC Devices 

Radiation Environment ® Electrostatic Discharge ® Discrete Device • Standardization 

Quality Assurance and Reliability Engineering ® Reliability and Documentation • Commercial Grade Device 

European Reliability Programs ® Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor « The Total Military /Aerospace Standardization Program 

883B/RETSTM Products ® MILS/RETStm Products ® 883/RETStm Hybrids ® MIL-M-38510 Class B Products 

Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging 

Semiconductor Packages ® Glossary of Terms « Key Government Agencies ® AN/ Numbers and Acronyms 

Bibliography® MIL-M-38510 and DESC Drawing Cross Listing 

SCAN™ DATABOOK— 1994 

Evolution of IEEE 1 149.1 Standard ® SCAN BiCMOS Products ® SCAN ACMOS Products ® System Test Products 
Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS— 1994 

COMBO and SLIC Devices ® ISDN ® Digital Loop Devices ® Analog Telephone Components ® Software ® Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK— 1993 

This databook introduces National’s Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 
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